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Notes  on  the  Raised  Coral  Reefs  in  the 
Islands  of  the  Riukiu  Curve. 

By 
S.    YOSHIWARA,  ' 

Science  College,  Imperial  University,  Tokyo. 


With  2  Plates. 


In  the  southern  seas  of  Japan  we  meet  with  the  reef  corals  of 
both  recent  and  more  remote  ages.  They  are  not  only  found  in 
Formosa,  our  new  territory,  but  also  in  the  islands  of  the  so-called 
Riukiu  Curve.*  The  following  notes  which  treat  of  these  coral  reefs 
are  based  upon  observations  made  on  my  geological  trip  to  those 
islands  during  the  nine  months  from  July  1899  to  March  1900. , 

I.     DISTRIBUTION  OF  RAISED  CORAL  REEFS  IN  EACH  ISLAND  GROUP.      :  . 

The  Riukiu  Curve  consists  of  many  scattered  groups  of  islands", 
arrano:ed  in  a  curve  extendino^  over  hundreds  of  miles  béttvèeii 
Formosa  and   Kyûshû.     The  southernmost  is  called  the  Saki-shima 

*  The  name  was  first  proposed  by  Prof.  B.  Koto,  Jouni.  Geol.  Soc.  TôJcyô,  Vol.  V.  No.  49 
{1897).     The  word  Rinkiu  is  transliterated  "  Loochoo  "  on  foreign  maps. 


2  ART.  l.-S.  YOSHIVVARA: 

groupf  (See  PL  II),  on  the  north-east  of  which  lies  the  Okinawa 
group.  Immediately  on  the  north  of  the  Okinawa  group  there 
is  the  so-called  Öshima  group,  which,  in  fact,  is  merely  its  northern 
continuation.  A  row  of  very  small  islands  lying  to  the  north-west  of 
the  Öshima  group  is  called  the  Tokara  group.  Between  these  island 
o-roups  and  Kyüshü,  there  is  the  Osumi  group  consisting  of  a  few 
scattered  islands,  the  largest  of  which  are  Yaku-shima  and  Tanega- 
shima. 

Tlie  Saki-shiina  Group. 

The  Saki-shima  group  is  divisible  into  two  subgroups,  the 
Yaeyama  and  the  Miyako.  The  former  has,  besides  the  two  large 
islands  of  Iriomote  and  Ishigaki,  ten  smaller  ones,  called  respectively 
Yonaguni-jima,  Hatoma-jima,  Kuro-shima,  Aragusuku-jima,  Nakano- 
gan-jima,  Hateruma-jima,  Taketomi-jima,  Kobama-jima,  and  Kayama- 
jima. 

Yonaguni-jima  is  situated  in  the  westernmost  part  and  prior  to 
our  acquisition  of  Formosa  was  known  as  the  western  limit  of  Japan. 
This  island  is  divisible  into  eastern  and  western  sections  by  two  hill 
ranges  called  Urabu  and  Kobura,  having  a  vast  plateau  between  them. 
Raised  reefs  were  observed  over  the  whole  area  of  this  plateau  and 
along  the  outer  margin  of  the  hill  ranges.  They  are  also  widely 
distributed  in  the  western  and  northern  parts  of  the  island,  while  in 
the  other  parts  they  are  now  found  only  in  detached  areas  on  the 
table-land  of  Tertiary  sandstone.  Although  the  culminating  point  of 
the  hill  ranges  attains  an  elevation  of  700  ft.  and  although  the  found- 
ation covered  by  reefs  is  composed  of  the  sediments  of  the  Miocene 
epoch  with  a  dip  generally  to  the  east  and  the  strike  running  either 

t  Sliima  (pronounced  Jima  in  combination)  means  island  or  islands. 
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K     Raised  coral  reefs. 


from  NNE  to  SSW  or  from  N  to  S,  yet  the  raised  reefs  are  entirely 
composed  of  horizontal  beds  and  form  an  extensive  table-land  less  than 
100  ft.  in  heio-ht  (Fig  1).  From  the  facts  above  stated  it  is  to  be 
inferred  that  the  present  island  was  formerly  separated  into  two  by  a 
channel  of  shallow  water,  in  which  the  coral  polyps  built  their  thick 
reefs,  and  that  by  a  subsequent  upheaval  the  two  islands  were  united 
into  a  single  one.  The  reefs  are  at  present  in  two  or  more  terraces 
near  the  shore,  and  their  entire  thickness  is  about  30  ft.,  while  the 
elevation  to  which  they  have  been  upraised  attains  a  height  of  several 
hundred  feet  above  the  level  of  the  sea.  The  recent  sand  on  the  sea 
coast  of  the  northern  part  of  the  island  is  nothing  but  a  heap  of  the 
«hells  of  the  Foramimfera,  Calcarina  spengleri  Linné. 

Iriomote-jima  is  composed  almost  entirely  of  Tertiary  sandstone, 
the  layers  of  which  are  more  or  less  regularly  inclined,  just  as  in 
Yonaguni-jima.  The  highest  peak  has  an  elevation  of  about  1,500  ft., 
but  the  raised  reefs,  only  30  or  40  ft.  in  thickness  and  quite  horizont- 
ally bedded,  are  met  with  only  here  and  there  within  a  very  limited 
area.  In  the  south-eastern  corner  called  the  Haemi  region,  however, 
the  reefs  20  or  30  ft.  in  thickness  are  seen  in  a  continuous  sheet  on 
a  table-land  more  than  a  hundred  feet  high  :  this  is  the  case  also  in 
Y  onaguni-j  ima . 

Two  small  islands,  Kayama-jima  and  Kobama-jima,  have  only  a 


4  ART.  I.-S.  YOSHIWAKA: 

low  remains  oï  ancit-nt  fringing-  reels  built  upon  tlie  Pakeozoic  sedi- 
ments. Tlie  northern  hall"  of  Taketomi-jima  is  composed  of  Palaeozoic 
rocks,  chieÜy  of  compact  quartzite  ;  but  the  southern  half  is  covered 
entirely  with  a  flat  layer  of  raised  reefs  about  30  ft.  in  thickness.  The 
raised  reefs  of  Hatoma-jima,  also  about  30  ft.  thick,  completely  sur- 
round a  small  Tertiary  hill  called  Xakamori,  which  is  situated  in  the 
center  of  the  island  and  has  an  elevation  of  117  ft.  Kuro-shima, 
Aragusuku-jima  and  Hateruma-jima  are  all  entirely  made  up  of  the 
raised  reefs,  the  highest  point  of  the  last  named  island  being  220  ft. 
The  others  attain  an  elevation  of  only  30  to  40  ft. 

Ishigaki-jima,   at  the   time  of  the  formation  of  the  raised  reefs 
probably   consisted   of  four  small  islands   (PL    II  A.  B.  C.  D),  near 
which   the  frinirinof  reefs  were  built.     The  fundament  of  these  reefs 
evidently  consisted  of  Palaeozoic  rocks,  Tertiary  limestone  and   sand- 
stone, and  the  andésites,  as  they  are  now  seen  directly  underlying  the 
reefs  which  show  no  sign  of  disturbance  since  their  formation.     The 
distribution  of  the  reefs  is  in  three  great  groups.     The  first  group  is  in 
the  southern   part  of  the  island.     It  is  widest  in  area  occupying  the 
coast  reg-ion   for  about  ten  miles  with  a  breadth  of  about  tAvo  miles. 
The   reefs   form    three  successive  terraces,   the  uppermost   of  whicli 
attains  an  elevation  of  about  100  ft.  above  the  sea-level.     This  terrace 
extends  from  the  northern  part  of  Shiraho-mura  to  the  neighbourhood 
of  Moriyama-mur.i.     The  second  terrace,  20  or  30  ft.  lower  than  the 
first,  extends  from  the  vicinity  of  Miyara-mura  to  the  southern  foot  of 
Banna  hill.     The  third  or  lowest  terrace  is  found  along  the  shore  near 
Shika-mura  and   other   villages.      The  second   group  was  develoj^ed 
along  the   shores   of  the  two  supposed  islands  (C  and  D)  which  are 
situated   to   the  north-east  of  the  (others  (A  and  B).     At  the  present 
time  we  see  the  table-land  of  Palœozoic  rocks  covered  wûtli  coyü\   reefs 
20  to  30  ft.  tliick  along  the  eastern  and  western  coast  of  Ishigaki-jima, 
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while  on  its  eastern  coast  tlie  reefs  have  been  ahnost  entirel}'  washed 
away  and  remain  only  in  detached  areas  of  small  extent.  The  third 
group  was  found  in  a  flat  piece  of  land  between  the  largest  (A)  of  the 
four  islands  and  the  one  (B)  to  the  west  of  it  ;  it  also  extended  to  the 
northern  coast  of  the  former.  The  remaining  portions  of  the  coast  of 
Ishigaki-jima  are  at  present  covered  with  a  few"  remnants  of  ancient 
low  coral  reefs.  Generally  speaking,  the  reefs  of  this  island  are  not 
thicker  than  oO  or  40  ft.  having  been  built  on  a  wide  plateau  now  raised 
in  some  places  to  an  elevation  of  several  hundred  feet  above  the  sea. 

The  Miyako  subgroup  consists  of  the  islands  of  Miyako,  Shimoji, 
Irabu,  Kurima,  Ikema,  Ogami,  Tarama  and  Minna.  A  very  notice- 
able fact  is  that  all  these  islands,  except  one,  are  built  entirely  of  the 
raised  coral  reefs.  The  island  of  Miyako,  whicli  gives  the  name  to  the 
subgroup,  is  the  largest.  It  is  AvhoUy  destitute  of  mountains.  The 
surface  is  therefore  quite  flat,  with  a  coast  line  of  about  40  miles.  The 
highest  point  has  an  elevation  of  378  ft.  and  is  called  Xobaragoe,  being- 
situated  near  Nobara-muni.  In  the  south-eastern  part  of  the  island 
the  reefs  are  thicker  than  elsewhere  and  present  a  perpendicular  cliff 
along  the  shore,  while  towards  the  west  they  slope  down  gradually 
until  they  pass  into  the  Alluvial  plain  of  the  south-western  corner  of 
the  island.  As  in  other  islands  terraces  are  also  observable  in  the  reefs 
of  the  southern  coast  westward  from  Tomori-mura. 

Irabu-jima  attains  an  elevation  of  300  ft.  in  its  eastern  part, 
whence  it  gradually  slopes  down  towards  the  south-west.  Ikema-jima, 
Tarama-jima,  and  Minna-jima  have  elevations  of  about  100  ft.,  105 
ft.,  and  15  ft.  respectively.  In  Ögami-jima  the  reefs  are  found  only 
on  the  outer  margin  of  the  island.  It  should  here  be  added  that  the 
above  mentioned  reefs  are  all  horizontal,  except  in  a  very  limited  area 
in  the  southern  part  of  Tarama-jima,  where  they  incUne  towards  the 
south  at  an  ançrle  of  30.° 
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TJie  Okinawa  Group. 


This  group  is  composed  of  the  main  island,  Okinawa,  (together 
with  more  than  1 7  dejDendent  islands),  and  of  the  two  subgroups  of 
Iheya  (with  5  islands)  and  Kerama  (with  more  than  12  islands),  and 
also  four  other  islands  named  Kume,  Tonaki,  Aguni,  and  Tori. 

Okinawa-jima  has  a  coast  line  of  about  200  miles,  and  is  divided 
administratively  into  three  districts  or  gun,  called  Kunchan,  Nakagami 
and  Shimajivi.  In  geological  time,  the  Palœozoic  mountain-range  of 
which  the  first  two  districts  are  mainly  composed,  formed  a  long 
island,  while  the  district  of  Shimajiri  was  entirely  under  water. 
During  that  time  the  reefs  were  built  chiefly  along  the  southern  part, 
coverin  cr  an  extensive  area  of  Tertiary  rocks  which  now  form  the  whole 
surface  of  Shimajiri,  and  also  a  part  of  the  surface  of  the  Paleozoic 
formation.  The  thickness  of  the  reefs  in  Okinawa  is  small  in  com- 
parison with  their  great  extent,  being  considerably  smaller  than  in  the 
other  islands,  for  instance,  in  the  Miyako  subgroup.  The  following 
table  shows  the  elevations  of  raised  coral  reefs  above  the  sea-level  : 

Ömine-san  (in  Shimajiri)  121  ft. 

Sunaga-jima  (in  Shimajiri)  142  ft. 

Sôjun-yama  (near  Tomori  in  Shimajiri)  151  ft. 

Shuri  496  ft. 

Yoza-jima  (in  Nakagami)  557  ft. 

Benga-dake  (near  Naha)  598  ft. 

That  the  reefs  do  not  attain  a  great  thickness  is  shown  by  the 
fact,  that  when  a  boring  is  made  from  the  surface,  the  underlying 
Tertiary  (Pliocene)  rocks  are  met  with  at  the  depth  of  about  30  ft.  In 
a  geological  .age  not  far  removed  from  the  recent  epoch  the  district  of 
Shimajiri  was  in  all  probability  entirely  covered  with  the  coral  reefs, 
and  the  scattered  patches  now  seen  here  and  there  are  to  loe  looked 
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upon  as  mere  relics  of  the  once  continuous  rocks,  slowly  worn  away 
by  denudation  (PI  II).  The  eastern  half  of  the  district  forms  a 
plateau  several  hundred  feet  in  height.  ïow^ards  the  east  it  shows  a 
steep  escarpment  generally  with  a  belt  of  flat  Alluvial  plain  lying  at 
its  base,  while  towards  the  west  it  slopes  gently,  often  exhibiting 
terraces  and  ending  at  the  shore  in  cliifs  only  a  few  yards  in  height. 
The  raised  reefs  are  found  not  only  in  Shimajiri,  but  also  in  the 
district  of  Kunchan,  on  the  east  coast  near  Kin  and  in  the  northern 
part  of  the  tongue-shaped  peninsula  of  Motobu  on  the  west  coast, 
forming  in  both  places  a  plateau. 

Running  parallel  to  the  longitudinal  axis  of  Okinaw^a-jima  and 
near  its  eastern  coast,  are  six  small  islands.  The  base  of  these  islands, 
except  Ike-jima  and  Kudaka-jima,  which  are  built  up  entirely  oi 
coral  reefs  and  have  an  elevation  of  30  to  40  ft.,  is  also  composed  of 
Tertiary  rocks,  upon  which  the  raised  reefs  are  placed  horizontally  just 
as  in  Shimajiri.  In  Hianja-jima  the  eastern  part  is  the  most  elevated, 
and  the  reefs  are  here  developed  to  the  greatest  thickness. 

In  Sesoko-jima  and  Kouri-jima,  the  center  of  the  island  is 
composed  of  a  Palaeozoic  limestone.  This  limestone  is  surrounded  by  a 
belt  of  reefs  about  1 00  ft.  in  thickness,  which  in  Sesoko  present  two 
or  three  terraces.  le-jima,  which  is  remarkable  for  having  a  huge 
pointed  rock  rising  out  of  the  surrounding  hills  in  the  central  part  of 
the  island,  has,  for  its  fundament.  Palaeozoic  rocks  which  are  however 
for  the  most  part  covered  with  the  coral  reefs.  The  reefs  form  here  as 
elsewhere  an  extensive  plateau  and  have  a  thickness  of  perhaps  100  ft. 
or  more.  The  above  mentioned  pointed  rock  is  a  compact  Palaeozoic 
quartzite.  Minna-jima  is  a  coral  island  only  a  few  yards  high,  while 
Yagaji-jima  has  the  reefs  over  only  a  very  small  area.  The  Kerama 
islands  are,  so  far  as  I  know,  entirely  destitute  of  raised  reefs.  Accord- 
ing to   Mr.  T.  Kuroiwa,  the  old  coral  reefs  in  Kume-jima  and  Aguni- 
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jiniM  and  in  the  Ilu'ya  sül)gi'()ü|)  and  Kei  islands  are  very  limited  in 
extent.  In  Kei-jinia,  the  old  reefs  are  found  in  small  detached  areas 
only  in  its  western  part,  the  rest  of  the  island  being  composed  of  heaps 
of  coral  fragments  of  a  very  I'ecent  origin. 

Far  to  the  east  of  Okinawa-jima  there  are  three  isolated  islands, 
known  as  South  lîorodino  (Minami-öagari),  Xorth  lîorodino  (Kita- 
öagari)  and  lîasa.  Tlie  coral  reefs  seem  to  cap  these  islands  îind 
attain  in  the  first  a  height  of  250  ft.  above  the  sea,  while  in  the 
second  and  third  the  highest  points  are  not  over  150  ft.  The  reefs  of 
South  Borodino  are  said  to  form  terraces.  Another  isolated  group  of 
small  islands,  called  the  I'innacles,  lies  far  to  the  north-east  of  the 
Yaeyama  subgroup.  In  one  of  them  called  Hoa-pin-su  (Waheizan) 
Mr.  T.  Kuroiwa  saw  tlie  traces  of  old  reefs  on  the  southern,  Avestern 
nnd  eastern  sides. 

,  The  Osliivia  Group. 

Oshima,  with  the  four  large  dependent  islands,  Kikaiga-shima, 
Tokuno-shima,  Okinoerabu-jima,  and  Yoron-jima,  constitutes  the 
Oshima'  group,  and  lies  immediately  to  the  north  of  the  Okinawa 
group. 

In  Okinoerabu-jima,  the  Palaeozoic  hills  of  small  extent  running 
from  north-east  to  south-west,  are  found  encircled  by  the  raised  reefs 
forming  a  large  plateau,  which  attains  an  elevation  of  about  200  ft. 
above  the  sea,  while  the  older  rocks  have,  at  a  place  called  Oyama,  an 
elevation  of  (587  ft.  In  the  reefs  a  few  terraces  are  observable  near  the 
coast,  where  they  show  cliffs  20  to  oO  ft.  in  height.  Yoron-jima, 
which  I  was  unable  to  visit,  probably  show  a  distribution  of  the  reefs 
similar  to  that  in  Okinoerabu. 

The  foundation  of  Tokuno-shima  is  made  up  of  Palaeozoic  and 
pliitonic  rocks,  which  rise  to  the  height  of  2,207ft.  above  the  sea.     The 
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reefs  which  are  found  upon  this  foundation  form  an  extensive  table- 
land in  the  southern,  western  and  south-eastern  parts  of  the  island. 
Near  Ketoku-mura  in  the  north-eastern  part  of  the  island,  the  reefs  are 
scattered  in  small  areas  and  have  a  height  of  only  about  50  ft.,  witli  a 
slight  inclination  towju'ds  the  coast.  They  appear  to  have  been 
originally  built  in  the  valleys  of  the  Palaeozoic  mountains. 

Kikai-ga-shima,  with  a  coast  line  about  20  miles  in  length, 
consists  of  a  Tertiary  sandy  shale,  entirely  covered  with  raised  coral 
reefs,  which  in  some  places  give  rise  to  successive  terraces.  The  shale 
is  exposed  only  in  the  western  and  eastern  parts,  as  at  the  steep  cliff 
on  the  south  of  Sömachi.  Here  it  is  covered  with  a  reef  from  30  to 
40  ft.  in  thickness.  The  highest  part  of  the  clilf  lies  at  Mfibi,  and  is 
about  684  ft.  above  the  sea-level. 

Oshima  is  a  large  island  composed  of  Palasozoic  rocks.  The 
greatest  elevation  is  found  on  a  peak  2,300  ft.  in  height.  The  reefs 
are  formed  only  upon  the  small  tongue-shaped  plateau  on  the  north. 
On  its  eastern  coast  the  reefs  are  elevated  about  20  or  30  ft.,  while  on 
the  west  they  have  been  almost  entirely  eroded,  leaving  only  on  the 
north-western  corner,  some  relics  which  are  a  few  feet  in  thickness. 

II.     GENERAL  CONSIDERATIOX. 

The  coral  formation  of  more  remote  age,  which  always  stands 
upon  the  eroded  strata,  forms  fringing  reefs  on  the  islands  composed 
of  older  rocks,  or  somtimes  separate  islands  with  entirely  covered 
foundations.  The  latter  type  is  observed  at  Hateruma-jima,  Aragu- 
suku-jima,  Kuro-shima,  Miyako-jima,  Irabu-jima,  Ikema-jima,  Shimo- 
ji-jima,  Kurima-jima,  Minna-jima,  Tarama-jima,  Ike-jima  and  Kudaka- 
jima.  Kikai-ga-shima,  Hianja-jima  and  Miyagusuku-jima  are  a 
modification  of  this  type  and  are  reefs  with  their  foundations  exposed 
at  the  cliffs  above  the  sea- level. 


10 


AKT.  l.-S.  YOSHIWAKA: 


The  recent  com]  reefs  of  southern  Japan,  scarcely  exix>sed  above 
tlie  sea-water,  are  all  fringing  reefs;  there  iDcing  found  neither  atolls 
nor  barrier  reefs  among  them.  The  coral  shows  luxuriant  growth 
alon"-  a  line  running  parallel  to  the  sea  coast  and  at  a  few  hundred 
feet  from  it.  Between  the  fringing  reefs  and  the  sea-beach,  there  is, 
sometimes,  a  flat  sandy  bottom  Avith  a  few  groups  of  living  corals.  It 
is  frequently  so  shallow,  that  Ave  can  wade  across  it  at  low  tide.  On 
the  north-east  of  ]Miyako-jima,  are  the  vast  and  dangerous  rocks  of 
Yaebise,  consisting  entirely  of  recent  reefs,  wliich  are  scarcely  above 
the  level  of  the  sea  at  low  tide.  The  islands  known  as  Kikai-ga-shima, 
Miyako-jima  and  others  must  have  been  of  this  type  in  past  time. 
The  coral  islands  of  recent  formation  are  nothing  but  heaps  of  coral 
fragments;  as  Yuni  lying  between  Hatoma-jima  and  Iriomote-jima, 
and  the  Ivei  islands  on  the  west  of  Naha. 

Although  the  strata  of  older  sediments  in  the  Riukiu  Curve  are 
all  inclined,  which  is  a  result  of  the  upheaval  of  the  islands  above  the 
sea,  the  reefs  lying  upon  them  have  as  a  rule  remained  horizontal,  the 
exceptions  being  the  locally  disturbed  ones  found  at  Tarama-jima, 
Tokuno-shima,  and  other  places.  This  shows  that  a  gradual  depres- 
sion and  elevation  took  place  after  the  formation  of  the  Riukiu  Curve. 

The  raised  reefs  are  mostly  a  true  coral  formation  and  homoge- 
neous in  structure.  But  in  some  places  as  at  Tarama-jima  there  is, 
besides,  a  thick  Foraminiferal  deposit  which  attains  a  thickness  of  10 
ft.  and  is  inter  bedded  between  tw(3  successive  coral  reefs.  The  species 
found  in  such  a  zone  at  Kamezu  (in  Tokuno-shima),  Unten  (in  Oki- 
nawa-jima)  Jind  Yoda  (in  Okinœrabu-jima)  is  gigantic  Operculma 
(PI.  I).  In  the  south  of  Okinoerabu-jima  the  raised  reefs  consist 
essentially  of  corals,  there  being  no  layer  of  sand.  Towards  the 
north  the  coral  layers  are  found  interstratified  with  sand  layers.  At 
Kametoku  in  Tokuno-shima  there  are  found  thick  beds  of  loose  sand 
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and  conglomerate  in  tlie  reef  coral.  At  Osliinia,  we  already  find  the 
greater  part  of  the  raised  reef  consisting  of  coral  fragments,  as  well 
as  of  a  brownish  sand  like  some  Diluvial  deposits  common  in  Japan« 
The  fact  seems  to  indicate  an  incomplete  development  of  the  coral 
formation  on  these  islands  and  we  may  fix  the  limit  of  the  coral  reefs 
of  the  western  T\acific  at  about  29°  X.L. 

When  the  recent  corals  are  f(3und  close  to  an  older  reef,  their 
boundary  is  not  sharply  defined;  however  they  may  be  distinguished 
from  each  other  by  position,  structure  and  colour.  The  older  reefs  are 
generally  highly  elevated  while  the  recent  ones  are  exposed  only  at 
low  tide.  The  corals  in  the  raised  reefs  have  mostly  lost  their  struc- 
ture througli  the  dissolving  action  <3f  the  water.  I  could  only 
recognize  among  them  the  three  species  of  Favia,  Pontes  and  Fimgia  (  ?). 
The  older  corals  are  also  weathered  and  show  a  yellowish  brown 
colour,  and  have  sand-grains  filling  up  the  interstices  of  the  skeleton. 
Finally  the  older  reefs,  on  the  exposed  surface,  are  altered  to  a  mass 
resembling  terra  rosa,  frequently  witli  a  thickness  of  several  feet.  The 
recent  corals  show  a  well-preserved  structure,  and  generally  appear 
whitish  in  colour,  only  those  on  the  surfiice  being  grayish. 

All  the  raised  coral  reefs  are  homogenous  in  appearance  through- 
out their  whole  thickness,  there  being  apparently  no  mark  of  varying 
age  in  their  different  parts.  The  terraces  in  those  reefs,  as  observed 
at  Yonaguni,  Ishigaki,  Miyako,  Irabu,  Okinawa,  Sesoko,  le,  Miyagu- 
suku,  Okinoerabu,  Kikai,  and  other  islands,  may  have  been  formed  in 
the  intervals  between  successive  changes  of  sea-level,  or  the  develop- 
ment of  the  coral  formation  from  its  beginning  to  its  end  may  have 
been  not  equally  extensive. 

The  elevations  of  the  principal  raised  reefs  are  as  follows: 
Minna-jima  10 — 20  ft. 


^2  ART.  I. -S.  YOSHIWARA: 

Kuro-shiina  20—30  ft. 

Ike-jima  about  100  ft. 

Tarama-jima  105  ft. 

Kita-öagari-jima  150  ft. 

Kasa-jima  150  ft. 

Hateruma-jima  220  ft. 

Minami-öagari-jima  250  ft. 

Irabn-jima  less  than  oOO  ft. 

Miyako-jiDia  378   ft. 

Shimajiri  (in  Okiiiawa-jiiiia)  600  ft. 

Kikai-ga-shima  C84  ft. 

The  two  islands  between  600  and  700  ft.  in  height,  namely 
Kikai-ga-shima  and  Okinawa-jima,  are  composed  of  foundation  rocks 
capped  with  thin  reefs.  All  the  other  islands  are  of  coral  formation, 
with  other  rocks  hidden  under  the  sea.  Their  heights  are  however  too 
great  to  admit  of  an  explanation  of  the  origin  by  the  Elevation  Theory. 
But  according  to  F.  Dahl  who  maintains  the  Depression  Theory,  the 
reefs  of  the  l^ismarck  Archi|jelago  show  the  very  great  height  of  300 
metres,  just  as  in  the  case  of  Miyako-jima  and  others.  According  to 
E.C.  Andrews,  most  of  the  raised  reefs  of  the  Fiji  islands  have  been 
elevated  from  800  ft.  to  1050  ft.  above  the  sea.  The  reefs  in  Timor 
which  are  considered  by  K.  Martin  as  belonging  to  the  Diluvial  epoch, 
attain  the  lieight  of  about  600  metres.  Those  in  north  Luzon  which 
belong  to  Pliocene  were  upheaved  even  to  the  height  of  1400  metres. 

The  foundation  of  the  raised  reefs  consists  of  Tertiary  and  Palieo- 
zoic  sediments  as  well  as  igneous  rocks.  In  the  Saki-shima  group, 
the  reefs  lie  upon  inclined  Miocene  rocks:  in  the  Okinawa  group  upon 
still  more  recent  Tertiaries.  In  the  Kiukiu  Curve,  the  raised  reefs  are 
covered  only  by  the  weathering  product  of  the  reef,  and  by  no  younger 
deposit.     The  loose  sand  resembling  a  Diluvial  deposit  is  mostly  found 
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interstratifying  coral  layers  in  the  northern  part  of  the  Curve. 

Fossils  of  Mollusca  and  Brachiopoda  found  in  the  raised  reefs  are 
mostly  casts.  Those  from  the  vicinity  of  Naha  and  Shuri  in  Okinawa- 
jima  belong  to  the  genera  Fusus,  Conns,  Cardiuw,  Mactra,  Tellina, 
Tapes,  Chlone,  Limopsis,  Area,  Peetunenlus,  Fecten,  Waldheimia  and 
Terebratula.  Waldheimia  pieta  Chemn.,  Terebratida  japonica  Sow. 
(young  ?),  and  Terahratula  caput-serpensis  Linn.,  are  well  preserved. 
The  most  conspicuous  fossil  found  in  most  of  the  reef  is  Lithothamnis- 
cum  nahaense  Heydrich  which  is  a  species  founded  by  F.  Heydrich  after 
studying  the  specimens  from  Nah:i.  His  description  is  as  follows 
(Journ.  Geol.  Soc.  Tokyo.,  Vol.  VII,  No.  80,  1900)  :— 

Der  Tballus  bildet  flache  0.3 — 0.5  mm.  dünne  über  wilde  fossile  Korallen 
ausgebreitete  Krusten.  Die  Ausdehnung  der  Krusten  mag  etwa  3 — 5  cm. 
betragen  haben;  ob  dieselben  grösser  gewesen  sind,  lasst  sich  nicht  mit 
Bestimmtheit  augeben,  da  das  Substrat  häufig  zerbrochen  und  durch  Druck 
wieder  fest  zusammengefügt  wurde.  Das  Dickenwachsthum  ist  in  Folge  dessen 
nicht  sicher  nachzuweisen  ;  doch  so  viel  steht  fest,  dass  recht  oft  eine  Schicht 
über  die  andere  gewachsen  ist,  sodass  2-3  Thallusplättchen  übereinander  gelagert 
erscheinen.  Eine  ausgeprägte  Basalschicht,  wie  sie  bei  ähnlichen  recenten 
Formen  sich  vorfindet,  ist  nicht  nachweisbar,  sodass  die  Zellen  fast  überall 
regelmässig  quadratisch  mit  etwa  12  [x.  Seitenlange  erscheinen.  Ob  die  im 
Querschliff  gezeichneten  zwei  kleinen  Bögen  Conceptakel  enthalten,  konnte 
nicht  festgestellt  werden,  wohl  aber  was  durch  Zufall  ein  kleines  Stück  Thallus- 
oberfläche  auf  einen  abgeschlagenen  Stück  Substrat  freigelegt,  welches 
Conceptakel  enthielt.  Dieselben  sind  etwa  200  /^.  in  Durchmesser  und  60  //.. 
hoch  mit  scharf  markiertem  centralen  Porus.  Sie  sind  von  flachgewölbter 
Form  und  liegen  allem  Anschein  nach  sehr  flach,  würden  also  bei  zuneh- 
mendem Dickenwachsthum  nicht  in  den  Thallus  versenkt  werden. 

Bryozoa  are  not  rare  in  the  raised  reefs  of  Naha.  The  Echinoid, 
Echinanthus  testitudinarius  Gray,  are  found  in  Moriyama  (in  Ishigaki- 
jima),  Unten  (in  Okinawa-jima)  and   Ivametoku  (in  Tokuno-shima). 


24  ART.  l.-S.  YOSHIWAEA. 

There  are  muny  spscies  of  Foraminifera  and  Radiolaria.  Textiilarla, 
Amphistcgina,  TrilociiUna,  Planorhilina ,  Fiotalia  and  Glohigerina  have 
been  collected  from  Shuri  ;  Eotalia  and  Aniphistegina  from  the 
Foraminiferal  sand  of  Yomura  in  Oshima.  A  gigantic  Opercidina 
(PI.  I)  is  found  numerously  in  the  reefs  of  Okinawa-jima,  Tokuno- 
shima  and  Okinoerabu-jima,  and  is  always  well  preserved. 

From  the  above  description  we  may  draw  the  following  conclu- 
sions : — 

1.  The  raised  reefs  in  the  Riukiu  Curve  are  mostly  later  than 
the  Tertiary,  and  are  overlaid  by  recent  rocks. 

2.  These  reefs  are  horizontal,  in  contrast  to  the  inclined  beds  of 
the  substratum. 

3.  In  the  ancient  time  they  either  covered  the  rocky  sea-bottom, 
or  fringed  the  margins  of  islands. 

4.  The  northern  limit  of  the  ancient  reefs  in  the  western  Pacific 
is  29°  X.L. 

5.  The  maximum  elevation  of  the  raised  reefs  in  the  Riukiu 
Curve  is  684  ft. 

6.  They  are  distinguished  from  the  recent  reefs  by  their  position, 
structure  and  colour. 

7.  The  raised  reefs  are  often  found  in  the  shape  of  terraces. 

8.  The  reefs  exhibit  a  character  like  those  now  growing  under 
the  sea  water  of  the  same  region,  and  have  been  upheaved  after  a 
gradual  depression. 

October  1900. 
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Plate  I. 

Fig.  I. — Gigantic  spacimeas  oî  Opercidina  sp.  (aitural  size);   from  Kamezu 

in  Tokuno-sbima. 
Fig.  II. — Foraminiferal  rock  consisting  wholly  of  the  shells  of  Operculina 

(not  reduced  in  size)  ;  from  Yoda  in  Okinoevabu-jima. 
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Plate  II. 

The  plate  II  shows  the  geographical  distribution  of  the  raised  coral  reefs   in 
the  Rinkin  Curve. 
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PART  I.  -Introduction. 

The  Hiukiu  ('arve.!  consisting  of  all  the  islands  lying  between 
Kyüshü  and  Formosa,  belongs  partly  to  the  Riukiu  Islands  and 
partly  to  the  Province  of  Osumi;  and  is  in  all  respects  very  little 
known.  As  for  the  geology  of  these  islands,  no  reconnaissance 
survey  of  them  had  been  made  prior  to  the  trip,  the  results  of 
which  this  pa})er  embodies.  On  the  other  hand,  Formosa,  our 
new  territory,  has  been  studied  by  many  geologists,  îind  the 
results  of  their  studies  have  been  partly  published.  Our  Imperial 
University  has  sent  in  the  last  five  years  several  naturalists  to  Formosa. 
Among  them  were  Profs.  P>.  Koto  and  M.  Yokoyama,  who  made 
geological  observation,  the  former  in  1897  and  the  latter  in  189<S.  I 
was  sent  to  visit  Kiukiu  and  Formosa,  for  the  purpose  of  ascertaining 
their  geological  C(^nnection.  After  a  trip  of  about  one  month  in  the 
northern  part  of  Formosa,  I  spent  nearly  hfdf  a  year  (from  July  to 
December  1<S91))  in  travelling  through  the  Riukiu  Islands.  With  the 
kind  assistance  of  the  officers  of  the  Okinawa  Prefecture  (the  local 
government  of  Riukiu),  1  was  able  to  visit  nearly  all  the  islands,  which 
are  about  (55  in  number.  Only  Kume-jima,  Aguni-jimâ,  Tonaki-jima, 
ïori-shima,  the  Iheya  subgroup,  the  very  small  uninhabited  islands, 
and  some  islands  in  the  Kerama  subgroup  have  not  been  studied.  All 
of  these,  however,  have  been  visited  by  others,  who  have  furnished  me 

t  This  name  has  been  proposed  by  Prof.  B.  Koto.    {The  Journal  of  the  Gcol.  Soriet)/  of  Tôki/ô 
Vol.  V,  No.  49,  1897.) 
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witli  geological  specimens  and  inf(3rmation,  either  published  or  in 
manuscript.  Mr.  T.  Kuroiwa  visited  the  islands  of  Kume,  Ag*uni, 
Tonaki,  and  the  Iheya  subgroup,  and  his  notes  in  part  appear  in  "T/jc 
Journal  of  the  Geological  Societij  of  Tökijö.^'  The  uninhabited  islands 
lying  at  a  distance  from  other  ishmds  of  the  Riukiu  Curve  have  been 
examined,  formerly  by  the  Prefectural  officers,  and  also  by  Japanese 
iind  foreign  naval  officers,  and  recently  by  Messrs.  M.  Miyajima  and 
Ivuroiwa.  In  travelling  through  Okinawa-jima,  I  was  with  Prof. 
Yokoyama,  who  gave  me  many  kind  suggestions  respecting  my 
investigations.  After  having  furnished  my  observations  in  the  Riukiu 
Islands,  I  spent  about  three  months  in  crossing  through  the  Oshima 
group,  visiting  all  members  of  the  group  except  a  few  islets.  The 
geology  of  the  islands  lying  between  the  Oshima  group  and  Kyüshü 
has  been  treated  in  Mr.  K.  Nishiwada's  work  on  Yaku-shima  and 
Tanega-shima,  which  was  published  in  "  The  Journal  of  Geofpnphy, 
T()%ö"  (1895).  The  Tokara  group  has  been  visited  by  Mr.  M. 
Yamas'ami:  while  the  structure  of  a  few  remainino^  islands  can  be  seen 
in  the  General  Geological  Map  of  Japan  (1:1.000.000)  published  in 
1900  by  the  Imperial  Geological  Survey. 

As  to  the  northern  part  of  Formosa,  Gordon,  Jones,  Hichthofen, 
Swinhoe  and  Tyzack  have  written  geological  notes.  Messrs.  Y.  Ishii, 
K.  Inoue  and  Y.  Saitö  have  successively  worked  as  chief  geo- 
logists to  the  local  government  of  Formosa.  The  valuable  reports 
of  these  three  observers  have  been  published  in  Japanese. 

The  present  paper  will  treat  of  the  geology  of  the  northern  part 
of  Formosa  and  of  the  islands  lying  between  Formosa  and  Kyushu. 
The  results  of  my  study  of  the  raised  coral  reefs  in  Riukiu  and  Osumi 
is  embodied  in  another  note. 

My  sincere  thanks  are  due  to  Prof.  Jimbô  who  has  with  great 
kindness  given  me  his  help  in  the  revision  of  this  paper. 
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PART  II.  -Literature. 

Our  first  knowledge  of  the  natural  history  c)f  the  Kiukiu  Curve 
is  due  to  the  expedition  of  an  American  sc^uadron  in  the  years  185:?, 
1853  and  1854,  under  the  command  of  Commodore  M.  C.  Perry.  The 
topographical  survey  was  limited  to  Okinawa-jima,  and  the  geological 
descriptions  were  made  chiefly  l)y  K.  G.  Jones  (Report  made  to  Com- 
modore  Perry  of  a  Geological  Exploration  &c.  of  the  Island  of  Great 

Lewchew. Xairativc  of  the  E.xf.  of  an  Am.   Squadron  to   thß  China 

Seas  amlJapan  <ùc.  Vol.  I  j).  184  &  Vol.  II  p.  53).  He  states: 
"  Commencing  at  the  southern  end,  we  have  uniformly  an  nhuninous 
rock,  sometimes  pretty  compact,  and  sometimes  running  into  shale; 
from  it  comes  all  the  clay  or  common  soil  of  this  ])art  of  Lew  Chew. 
This  rock  or  clay  is  pierced  and  overlaid  by  limestone  running  X 
about  60°E,  and  rising  to  pinnacled  ridges,  so  as  to  deceive  the  eye  at 
the  distance  of  only  a  few  hundred  feet.  About  17  miles  north  of 
Napha,  a  very  coarse  gneiss  begins  to  make  its  appearance,  and  soon 
becomes  the  prevalent  rock,  overhanging  the  sea-shore  in  bluffs  of  most 
contorted  stratification,  or  running  out  in  great  ledges  of  jagged  forms. 
The  limestone  is,  however,  seen  yet  occasionally,  running  slantingly 
across  the  island,  in  broken  ridges,  as  before.  At  the  village  of 
Xacumma,  on  the  west  side  of  the  island,  say  4^  miles  north  of  Xaplui, 
we  come  to  a  small  extent  of  granite  hills,  jMcrcing  thnjugh  the  gneiss. 

It  is  the  only  granite  that  I  have  s(;en  on  tlie   island 

l^eyond  this,  the  gneiss  begins  to  be  mixed  up  witli  strata  of  clay- 
slate,  to  which  it  at  length  entirely  gives  place;  and  at  l^'arnigi,  45 
miles  north  of  Xapha,  on  the  promontoi-y  of  Fort  ^Melville,  we  come 
to  a  coarse  conglomerate,  which  gives  us  the  first  pr<3mivse  of  a  ])ossibi- 
lityofcoal.  The  conglomerate  soon  ]);isses  into  n  coarse,  and  then 
into  a  finer   sandstone.      'i'he   slate   and   sandstone   continue   as   we 
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advance  noitliwîirdly,  and  at  7  niiJe.s  from  Farnigi,   or  (]'2  miles  from 
Naplia.   we  come  to  some  ontcroppings  of  the  l)lack  bituminous  slate. 

Furet  has  studied  the  fossils  in  the  limestone  and  clay  in  the 
southern  part  of  Okinawa-jima  (Die  Physikalischen  Verhältnisse  der 
Lutschu-Inseln. — Vetcmianiis  Mlttheihingen^  1860,  p.  156)  and  found 
in  the  limestone  near  Xapha  (Xaha)  and  Tkiatung  (?)  the  following 
eleven  species: 

Honicidaris  sp,  Vecleii  ae<piiralrif>, 

Vecten   sp,  Pecten  quinqw'costahis  Î, 

Pholadomia   sp.  Isocardiiim  sp, 

Ferna   sp  /.  Tcrehmtida  ohovata., 

Ävicula   up  /,  Gerithium  nudmii, 

Fnsiis  sp. 
He   also   mentions  the  following  nine  species  as  taken  from  the 
cL'iy  in  the  south  of  Xapha: 

(Jlica  clavida.  Natica  cepacea^ 

Fectuncuiiis  aeqviralcis^  Östren  ßahelloides, 

Area  sp,  Fiisus  neucomiensis, 

Spondijhis  Kp,  Flicatida  sp, 

Ostrca  niarsliii. 
He  seems  therefore  to  have  reo-arded  the  formation  as  belong-ino- 
to  the  upper  part  of  the  Mesozoic  group. 

A  long  time  after  the  publicati<m  of  the  above  two  works,  Prof. 
Döderlein*  in  1S(S()  made  a  two-weeks  trip  to  Oshima  (in  the  Oshima 
group).  He  started  from  Xase  on  the  west  coast  on  August  16th,  and 
first  travelled  on  foot  through  the  island  over  Yuwan,  Xagara  and  Knji, 
following  the  shortest  route.     He  then  passed  over  to  the  next  island, 

*  Die  Linkiu-Inseln  Amaiui  Öshiuia. — Mittlieiltoipcn  der  dcntuclK/n  GfnellAchaft  für  Natur— und 
Völherkumle  (Utasiex^.     Bd.  Ill,  1880— 188i,  p.  103. 
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Kak(M'»)iiia-jiin;i,  wlicri'  ho  stayed  a  week  on  arcount  of  bad  weather, 
and  returned  to  Ivcjniya  in  (Jshima.  Then  lie  went  through  Akina, 
Jchi,  (lusukii  and  Asato,  and  returned  to  Xase  on  August  80th. 
Acc(ji'ding  to  liis  observations,  tlie  ishmd  consists  of  Archean  rocks, 
which  are  ehieHy  graiiulite  and  gneiss,  only  a  small  exposiu'e  of 
granite  was  found.  There  was  also  a  bluish  black  clay  slate  at  Cape 
Jsisaki  near  [clii.  and  a  thin  ln^rizontal  bed  of  recent  (?)  conglomerate 
at  the  harbour  of  Xase.  lie  also  explained  the  (h:)uble-ro\v  structure 
of  the  islands  in  the  northrni  part  of  the  sea  between  Formosa  and 
Kyushu.  The  outer  row  including  Tanega-shima,  Yaku-shima, 
Aniami-Oshima.  'J'okuno-shinia  aiid  Okinawa-jima  is  sedimentary, 
while  the  inner  row  consisting  of  Kume-jima,  Tori-shima,  Linschoten, 
Erabii-jiina.  Kose-jima,  Yuo-jima  and  Tage-shima  is  entirely  volcanic. 
This  was  mentioned  liy  E.  Suess  in  his  '"  Antlitz  der  Erde,  l>d.  IL, 
1888,  p.  219;"  and  he  remarked  that  tlie  Kiukiu  Group  might  possess 
the  same  structure  as  the  Antilles,  Banda,  Xicobar  and  Andaman. 

Wit!)  the  exception  «^f  the  above  mentioned  authors,  I  have  failed 
to  tind  anv  foreio;n  oreolo<rical  observers,  who  have  studied  the  sreoloofy 
of  the  liiukiu  C'urve.  The  islands  have  not  been  jnuch  visited  on 
account  of  their  lack  of  facilities  for  travel  in  their  interiors,  and  also 
Ijecause  of  the  presence  of  darigerous  snakes  and  fevers.  A  very  rough 
geological  note  M'ith  a  map  of  the  two  groups,  Okinawa  and  Saki- 
shima,  was  pubHshed  by  Mr.  T.  Kinhi  'u\  "  111 e  Journal  of  tit e  Tokio 
(ieographiad  Socielij,  7th  year,  Xo.  5,  1(S85."  A  brief  topography  of 
the  same  islands  has  been  written  by  Messrs.  Kuroiwa  and  Xakayoshi. 
Mr.  Kuroiwa's  ''General  (ireological  Observations  in  Kume-jima  and 
Ishigaki-jima  "  is  found  in  "'i7/f'  Journal  of  tlie  (jrcological  Societi/  of 
TOhjö,  Vol.  \'.  \o.  59,  1898  and  Vol.  MI,  Xo.  71,  1899";  that  of 
Tanega-shima  and  Yakushima  by  Mr.  Xishiwada  in  "T/i^j  Journal  of 
Geograph ij ^  piililished  hij  (he  Tokyo  Geographical  Society,  Vol  A  II,  Xo.  81, 
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1895."  iSummarizinj^'  the  results  of  the  above  mentioned  works 
together  with  several  others,  Prof.  Koto  made  a  description  of  the 
geotectonics  in  his  "Geological  Structure  of  the  Kiukiu  Curve"  (Journ. 
Geol.  Soe.  Tokyo,  Vol  Y.  Xo.  49,  1897).  He  found  in  this  curve  three 
parallel  rows  of  islands.  The  inner  row,  being  the  same  as  that  of 
Doderlein  consists  entirely  of  neovolcanic  rocks.  In  the  middle  row, 
of  Palaeozoic  or  older  rocks,  are  found  Yaku-shima,  Oshima,  Okinawa- 
jimu,  Ishigaki-jima  and  Iriomote-jima,  besides  other  small  islands. 
The  outer  row,  of  Tertiary  and  Quaternary  sediments,  is  found  by  the 
following  islands,  viz.,  Tanega-shima,  Mage-shima,  the  southern  part 
of  Okinawa-jimn,  the  islands  lying  east  of  Okinawa,  and  finally  Iri- 
omote-jima and  Yonaguni-jima.  According  to  Prof.  Koto,  the  charac- 
teristic arrangement  of  the  rocks  is  probably  due  to  the  great  depression 
of  Tunghai  (the  "  Eastern  Sea  "  of  China),  and  a  curved  fissure 
extending  for  several  hundred  miles  between  Kyushu  and  Formosa. 

On  the  north  oî  Formosa  and  far  to  the  north-west  of  the  Yae- 
yama  subgroup,  there  lie  a  few  small,  barren  and  uninhabited  islands. 
Among  them  the  Pinnacle  group,  consisting  of  Waheizan  or  Cho- 
gyotö*  (Hoa-pin-su),  Köbitö  (Chia-u-su),  Pinnacle  and  Raleigh  rocks, 
belongs  to  the  Okinawa  Prefecture.  The  hydrographical  as  well  as 
topographical  survey  of  these  islands  has  been  made  by  many  foreign 
and  Japanese  ships.  Recently  Messrs.  M.  Miyajima  and  T.  Kuroiwa 
liave  reported  respecting  their  situation,  topographical  features,  &c.  in 
"■  The  Journal  of  Geograph i/,  Tokijö,  Vol.  XII,  Xo.  141,  1900  and  Vol. 
XII,  Xo.  144,  1900.''  Other  islands  lying  nearer  to  Fonnosa  are 
Agincourt  Is.,  Crag  Is.  and  Pinnacle  Is.  A  rough  geological  and 
topographical  note  of  these  islands  is  found  in  "The  China  Sea 
Directorv,   \o\.   Ill,    1894."  Mr.   Y.   Saitö  has  visited  the  Crag  and 

*  Among  Japanese,  the  two  names  Hoa-pin-su  and  Chia-u-su  have  been  confused  and  the 
Oiinese  characters  t^,||,ll|l|  are  incorrectly  read  Hoa-pin-su  and  ^^|l|!|  Chia-u-su. 
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Pinnacle  islandsf  and  found  tlieni  to  he  entirely  bastdtic  andésite.  In 
Crasr  Is.  tiie  andésite  is  found  in  tlie  form  of  lavas,  dvkes,  ashes  and 
breccias.  According  to  the  petrogTaphic  examination  l)y  Prof,  Koto, 
Agincourt  Is.  has  hypersthene-basalt  and  hyperstliene-andesite. 

As  to  the  ireolosfv  of  Formosa  we  have  a  nundjer  of  notes.      Ihe 
coal-mines  are  mentioned  in  the  following:  — 

Gordon,  Observations  on  Coal    in    the  X.K.   ])art  of  the  Island  of 
Formosa— JoH/-//a/  AV>//.  (letyji:  Soc,  \o\  XTX,  1.S49,  p.    22). 
Jones,  tie  port  made  to  Commodore  Perry  of  :i   visit  to  the   Coal 
Regions  of  the  Island  of  Formosa. — Narrative  of  the  Exped. 
of  :ni    Amer.    Squadron    to    the   China    Seas  and  Japan  &c. 
Vo\.  II,  18,')(;,  p.  158. 
Tyzack,  Xotes  on  the  (.'oal-tield  and  Coid-mining  Oj^erations  in 
X.  Formosa. — Trans.  Xortli  of  Eiujl.    Institute  of  Mining  (inil 
Mechanical  Enfiineering,  Vol.  XXXI\  ,  1884,  p.  67. 
The  geology  of  the  neigliborhood  of  Köhi  and  Kiirnn  is  in 

Kiclithofen,  Über  den  (i«ebir<>:sbau  an  der  Xordkiiste  von  Formosa. 
—Zeitschr.  Veutsch.  GeselL,  XII  lîand,  18()0,  p.  532. 
The  determination  of  tVie  age  of  the  sediments  of  the  neighborhood   of 
Kiirnn,    by   the  fossils  collected  by  Tvz;ick,  is  found  in 

T.ebonr,  Xotes  on  some  Fossils  from  X.   Formosa. — Trans.  Nortli 

of  Engl.  Institute  of  Mining  and  Mechanical   Engineering.  A'ol. 

XXXIV,  1SS4,  p.  (w. 

The  principal  facts  gathered  from  these  authors  are  as  follows  : 

There  are,  besides  the  F.iassic  deposit,  tw(i  Tertiary  formations,  probably 

different  in  age.     The  older  one   with   characteristic   Echinodiscus  is 

Miocene,   and   consists  of  a  bluish  shale,  with  clay  and  finegrained 

brownish  sandstone.      Coal-seams,  especially  those  near  Kiirnn,  appear 

to  extend  from  east  to  west.     Fossils  found  near  Hokuto  are  Ostrea, 

t  SI^?1'MAêSÇSSl!AI  (Tfeport  on  a  Trip  to  the  uninhaliitecl  Islands  lying  off  the*  coast  of 
Kiirun,  ItKK».,  in  Jnji'iut-sc). 
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Lutmria  (?),  Gardiwn  (?)  and  EcMiiodùcus.  According  to  Richthofen, 
trachyte  with  its  tuff  and  agglomerate,  is  found  in  the  north-east  and 
south-west  of  Köbi,  near  Daiton-zan  and  Kwannon-zan  ;  and  compo- 
ses the  foundation  of  the  environs  of  Köbi.  Here  a  C[uite  horizontal 
tuff  predomates  and  forms  the  vast  plateau  ontlie  south-west  of  Köbi. 
Porphyrite  hills  are  found,  according  to  'i'yzack,  at  Daiton-zan  and 
Kiirun-zan. 

The  more  careful  geological  observations  and  microscopic  studies 
by  Japanese  geologists,  show  these  inferences  to  have  been  mostly 
incorrect.  The  igneous  rocks  of  Daiton-zan,  Kwannon-zan,  Kiirun- 
zan  and  others,  are  proved  to  be  not  trachyte  but  andésite;  and  there 
has  been  found  no  trachyte  tuft*.  The  rocks  of  the  vast  plateau  near 
Köbi  is  nothing  else  than  latérite. 

Mr.  Y.  Ishii  published  in  1897  a  reconnuisance  map  of  Formosa 
with  an  explanatory  text  in  Japanese.*  Except  the  doubtful  occurrence 
of  gneiss,  he  found  all  the  oldest  rock  to  be  crystalline  schists,  extending 
from  the  eastern  side  of  Mount  Sylvia  up  to  the  north-west  of  Pinan. 
A  crystalline  limestone,  probably  Palaeozoic,  is  observed  along  the 
western  side  of  this  schistose  belt,  and  extends  from  the  east  of  Sessan 
to  the  north-west  of  Pinan.  A  clay  slate  of  unknown  age  occupies  a 
very  wide  area,  between  Toi,  north  of  Giran,  and  Böryö  near  the 
southern  end  of  Formosa.  The  main  skeleton  of  the  island,  thus 
formed  by  the  schists,  limestone  and  clay  slate,  has  been  called  the 
"  Taiwan  mountain  system  "  by  Mr.  Ishii.  The  clay  slate  seems  to 
surround  the  region  of  schists  and  limestone.  The  Tertiary  sediments 
which  overlie  the  clay  slate  without  any  discordance,  are  developed 
along  the  northern,  western  and  southern  sides  of  the  principal  ninge, 
as  well  as  the  middle  of  the  eastern  coast.     Those  in  the  northern  part 


fâ^K^;É^itM^  (Explanatory  Text  to  the  Map  of  Formosa,  showing  Geology  and 
Mineral  Kesources). 
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are  C(3mposed  of  coarse-grained  sandstones  witli  shales,  and  contain 
many  coal-seams  and  limestone  layers.  Raised  coral  reefs  are  found 
only  near  the  southern  end  of  the  island,  and  are  rather  limited  in 
extent;  their  formation  appear  to  have  continued  from  the  Tertiary  up 
to  the  Recent  time.  Quaternary  sediments  usually  without  coral  reefs 
compose  the  vast  plateau  along  the  whole  western  coast,  which  is 
about  one-fourth  as  wide  as  the  island  itself.  As  to  the  io-neous  rocks, 
Mr.  Ishii  has  found  granite  near  Sessan,  and  diorite  near  Xiitaka-vnmii 
(Mt.  Morrison).  The  serpentine  exposed  on  the  nortli  of  Pi  nan  and 
on  the  west  coast  of  Kötö  island,  is  probably  :i  metamorphosed 
Tertiary  gabbro.  Andésites  are  exposed:  (1),  on  the  northern  end  of 
Formosa,  as  at  Daiton-zan,  Kwannon-zan,  Kiirun-zan  and  tlie  adjacent 
hills;  (2),  on  the  eastern  coast,  near  Shùkorankei  and  on  the  north  of 
Pinan;  and  (3),  on  the  islands  of  Kötö  and  Kwashö,  off  the  south-east 
coast.  The  numerous  islands  of  the  Höko  group  are  almost  all  basalt. 
In  Formosa,  all  the  strata,  older  than  Quaternary,  are  steeply  inclined, 
but  the  strike  is  almost  always  parallel  to  the  longitudinal  axis  of  the 
island.  There  have  probably  existed  great  fissures  along  the  eastern 
side,  running  parallel  to  this  axis;  as  is  partly  indicated  by  the 
occurrence  of  volcanic  rocks  on  the  islands  of  Kötö  and  Kwasho  and 
on  the  north  of  Pinan.  l^esides  the  «-eneral  sreoloo-ical  note,  above 
summarized,  Mr.  Ishii  has  given  in  the  same  note  many  valuable 
descriptions  of  the  mining  products  of  the  island. 

Messrs.  K.  Inoue  and  S.  Yokoyama  have  also  written  about  the 
geology  of  Formosa.  Receiitly  Mr.  Saitö  has  published  his  geological 
sketches  of  the  Zuihö  and  Kinkwaseki  mines,  in  which  he  mentiones 
that  the  two  hills  Kiirun-zan  and  Kinkwaseki-zaii  are  formed  of 
andésite  dykes  erupted  tln-ough  Tertiary  sediments.  Mr.  R.  Yama- 
shita  f  has,  under  the  direction  of  Mr.   Saitö,  examined  a  number   of 

t  "eJ^^boßi^S  (Ooal-seau)s  in  the  north  of  Formosa,  190U;  in  Japanese). 
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coal-seams,  their  relations,  and  various  pr<jfiles  of  Tertiary  rocks. 

All  the  above  works  have  been  specially  consulted  in  writing  this 
paper.  Tliere  are,  besides,  notes  by  the  foreign  writers.  Corner, 
Guppy,  iîeazele}^  and  Klein  Wächter,  giving  the  results  of  their  obser- 
vations chiefly  in  the  region  soutli  of  Takao;  also  the  reports  by  the 
Japanese  geologists,  Prof.  Kotn,  and  Messrs.  Ishii,  Inoue  and  Saitö. 
In  Prof.  Koto's  work,*  there  are  very  valuable  petrographical  notes 
on  the  Höko  group  and  the  Kwashû  and  Koto  islands.  Mr.  S.  Yama- 
saki,  who  has  travelled  with  Prof.  Koto,  has  also  written  about  our 
present  knowledge  of  the  island  in  ''  I'eti'niKdin's  Mitt]ieihm(fen,  XLA'l 
Band,  1900,  X,  p.  22."  §  Prof.  J.  Pein  also  spoke  I  upon  the  same 
subject  at  the  'Xiederrheinischen  (Tesellschaft  für  Xaturkunde  zu 
Bonn.' 

PART  III.— Geology  of  the  Islands  in 
the  Riukiu  Curve. 

The  Piukiu  Curve  consists  (^fmany  groups  of  islands.  Counting 
from  the  southern  end,  we  have  those  of  Saki-shima,  Okinawa  and 
Oshima;  then  a  row  of  small  islands,  collectively  called  Tokara  and 
lying  on  the  north-west  of  Oshima;  and  hnally  the  Osumi  group  with 
a  few  islands  (such  Jis  Yaku-shima  and  Tanega-shima)  between  Tokara 
and  Kyüshü. 

I.     THE  OSHIMA  GROUP. 

This  group  includes  Oshima,  Avith  its  numerous  dependent  islets, 
Kakeroma-jima,   Edato-jima,    Ikeji-jima,   Yoro-jima,   Sukomo-banare, 

*  Notes  on  the  Geology  of  the  dependeut  Isles  of  Taiwan. --Jo«c.  Coll.  Sei.  Imj).  Um\,  Tokyo, 
Vol.  XIII,  Part.  I,  1899,  p.  1. 

§  XJeber  geographischen  Kenntnisse  von  der  Insel  Taiwan  (Formosa). 

X  Die  physische  Geographie  von  Taiwan  (Formosa). — SUzioifi-thericlite  der  Xiederrlwiitisclien 
Gessell.filr  NaUtr-itud  Heilkunde  zu  lioiin,  1900,  I  Heft,  p.  A.  21. 
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Yü-bari;ire,  Eiiiya-banare,  Kerama-jima  and  Hashiya-jinia,  and  also 
Kikaiga-sliiin:i,    Tokiino-shima,     Okinoenibu-jima    and     Yoron-jima. 

Oshiiim  and  its  Dependent  Islets.  Oshima,  one  of  the  largest  islands 
in  the  Riukiu  Carve,  has  a  great  many  indentations  in  its  coast  which 
is  about  two  hundred  miles  in  length.  The  interior  is  entirely  mount- 
ainous except  on  the  small  northern  peninsula.  There  are  inhabit- 
ants only  on  this  flat  part  and  on  the  small  plains  at  the  openings  of 
river  valleys.  The  highest  peak,  Yuwan-dake  is  near  Yuwan  in  the 
southern  part  and  has  an  elevation  of  2300  ft.  The  northern  half  of 
the  island  is  elongated  parallel  to  the  trend  of  its  principal  hill-range 
which  runs  XE  to  S\V.  I>ut  in  the  southern  half,  the  ranges  are 
transverse  to  the  length  of  the  island.  There  are  two  remarkable 
parallel  ridges  in  the  western  part  running  eastward,  one  from  Sokkö- 
zaki,  and  the  other  from  Edato-jima.  They  are  separated  by  a  very 
narrow  inlet  opening  toward  the  west.  The  island  of  Kakeroma,  on 
the  south  of  the  island  of  Oshima,  is  also  elongated  parallel  to  these 
two  ranges.  The  narrow  channel  between  the  last  two  islands  is 
called  Oshima-kaikyö  or  Setouchi.  The  sea  around  Oshinui  and  the 
adjacent  islands  is  very  deep  and  there  are  many  good  anchorages. 

All  these  islands  are  almost  wholly  composed  of  Palieozoic  sedi- 
ments, with  very  limited  occurrences  of  old  eruptives.  liaised  coral 
reefs,  Avitli  intervening  sandy  layers,  occupy  only  small  areas  in  the 
northern  corner  of  Oshima.*  The  Palaeozoic  rocks  are  chiefly  clay 
slate  and  sandstone,  while  slaty  sandstone  is  also  common.  Tuff- 
pyroxenite  with  amphibolite  M^as  rarely  observed  in  the  island  of 
Oshima.  Compared  with  the  island  of  Okinawa,  which  als(3 
consists  chiefly  of  Pakeozoic  rocks,  we  find  a  great  resemblance 
in     tectonic    and    petrography;    but    in    the    latter    the    pyroxenite 

*  Yoshiwara,  Notes  on  the  Raised  Coral  Reefs  in  the  Islands  of  the  Riukiu  Curve. — Joitrn. 
Coll.  Sei.  Imp.  Univ.,  Tokyo,  \o\.  XVI,  Art  1,  1901. 
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or  amphibolite  is  more  extensive,  though  it  is  only  next  to  clay 
slate  and  sandstone  in  distribution.  The  sandstone  of  the  island 
of  Oshima  is  often  highly  siliceous,  thus  taking  the  appearance  of 
quartzite.  A  very  compact,  white  or  red  quartzite  occupies  large 
areas  in  the  island,  though  restricted  to  the  western  part.  Schalstein, 
associated  either  with  compact  quartzite  or  with  other  r(3cks,  is  found 
on  the  road  form  Toen  to  Xaon,  Konase  to  Atetsu,  Shodon  to  Nomi- 
san,  Akitoku  to  Osai,  Setake  to  Kuji,  Xaze  to  Aira,  Yanyii  to  Akaoki, 
Aira  to  Ikuzato,  and  south  of  Yamatohama;  it  is  of  very  small  extent 
and  is  always  destitute  of  fossils.  Palaeozoic  limestone  is  not  rare;  it 
is  found  in  thick  layers  between  Imazato  and  Uken,  and  in  small 
lenticular  masses  in  other  rocks  at  Yui,  Sokkö-zaki,  Adachi  and 
Sukomo,  and  near  Setake  and  Y^amma.  The  limestone  is  all  cryst- 
alline and  without  fossils.  The  following  is  an  abstract  of  my  field 
note,  showinof  the  ofeneral  stratification  of  the  Palaeozoic  rocks  : 
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Oshima. 


strike. 

Dip. 

Kinds  of  rock's. 

From 

Naze  to  Koshikn. 

Naze — Asani 

,N-S 
N  20  E 

W25 
N  W  30 

Slaty  sandstone. 

X  30  E 

N  W  35 

Quartzose   sandstone   with   a   little 

slate. 

X40E 

N  W  50 

jj 

\V  40  E 

N  W  20 

^j 

Asaai— Koshikn 

N40E 

N  W  20 

Chiefly  sandstone. 

From 

Koshikn  to  Yamatohama. 

Koshikn — Chiuase 

N-S 

W  30 

Slate. 

N40E 

N  W45 

Sandstone. 

Cliiaase  —  Ynwanf^ama 

N  20  W 

S  W30 

Chiefly  slate. 

fN-S 
N  20  E 

W50 

Slate  and  sandstone. 

Yuwangama  —  Yamatohama 

N  W45 

J, 

^N20E 

N  W70 

>) 

From 

Yamatohama  to  Uken. 

N60E 

N  W  25 

Slate  and  quartzose  sandstone. 

Yamatohama  — Ödana 

N  40  E 
^NßOE 

N  W25 

N  W40 

" 

Ödana— Toeii 

variable,  bvit  never 
inclined  toward  E. 

Slate  and  compact  quartzite. 

Toen—  Naon 

N-S 

W  25 

Schalstein. 

N  10  E 

N  W  40 

Compact  quartzite. 

(N-S 

W40 

J, 

Xaou— Shitokau 

^N30E 
(N-S 

N  W40 
\V30 

Porphyrite  dyke. 

N  30  E 

N  W  35- 
55 

Compact  quartzite  with  thin  layers 
of  slate. 

Imazato — Ukeu 

variable 

Limestone  with  thin  layers  of  slate 
and  compact  quartzite. 

N-S          W  30 

Slate. 

From 

Uken  to  Ynwan. 

Uken— Knji 

variable 

Slate  and  sandstone. 

Kuji — Ikegachi 

CN40E 
^N-S 

\  W  50 
W35 

Slate. 

Ikegaehi  —  Ashiken 

N  30  E 

N  W  45 

variable 

Compact  quartzite. 

N  30  E    1  N  \V  30 

Slate. 

Ashikeu  —Taken 

variable 

Alternations  of  thin  slate  and 
sandstone. 

'I'akeD— Yuwan 

varialfle 

Sand.stone. 

/  N  30  E 

N  W  4) 

Alternations  of  sandstone  and  slate. 

From 

Ynwaa  to  Yamatohama. 

N-S 
N40E 

W80 
N  W30 

" 

N30E 

N  W  40 

Compact  quartzite  with  thin  layers 
of  slate  and  sandstone. 

'  N40E 

NW  30 

N-S 

W30 

„ 

X30E 

N  W40 

,, 

N— S 

W40 

,, 

\N50E 

N  W  30 

^^ 

F  roil 

Yainatoliauia   to    Nishina- 
kama. 

N  35  E 

N  W  40 

Slate  and  sandstone. 

N  lOE 

N  W  60 

>» 

N-S 

W30 

GEOLOGIC  STRUCTDEE  OF  THE  RIUKIU  CURVE. 
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Strike. 

Dip. 

Kinds  of  rocks. 

Schalstein, 

N  lOE 

N  W  40 

Slate  and  sandstone. 

N  20  E 

N  W  25 

J, 

N40  E 

N  \V  30 

I, 

N50E 

N  W  20 

ij 

^ 

N— S 

W  40 

,j 

N  10  E 

N  \V  40 

.^ 

N25E 

N  W45 

,, 

From 

Nishinakama  to  Yuwan. 

Nishinakama— Yakkachi 

(N  10  E 

N  40  K 
^N20E 

X  W55 
X  W65 
X  W45 

Slate. 

Yakkacln — Suko 

,N40  E 

N  W70 

Quartzose  sandstone. 

N  10  E 

N  W  55 

Slate. 

-^  N  30  E 

0  W  55 

N-S 

W  30— (Î5 

,, 

^  N  30  E 

N  W  40 

^^ 

Suko  — Yuwan 

X40E 

S  E  50 

Alternations  of  thin  slate  and  quart- 
zose sandstone. 

From 

Yuwan  to  Yadon. 

Suko  — Buren 

N-S 
N  20  E 

W  45 

S  E  50 

Sandstone  and  quartzose  sandstone. 

Buren — Nagara 

/  X  50  E 

N5'^E 
•X50E 

N  W  35-65 
S  E  40 
X  W  45 

" 

Nagara — Sanen 

X40  E 

X  W  55 

Slaty  sandstone. 

Sunen— Heta 

X  40  E 

XW  30-45 

Slate. 

vari 

able 

Compact  quartzite. 

X40E 

X  VV  Go 

Slate,  quartzose  sandstone  and 
quartzite. 

Heta — Amuro 

Quartzose  sandstone. 

Amuro — Yadon 

v^ari 

dble 

Compact  quartzite  witli  vei-y  little 
limestone. 

From 

Yaion  to  Xishikomi. 

X  40  E 

X  W  40 

Compact  quartzite  with  a  little  slate. 

From 

Nishikomi  to  Sokkö-zaki. 

N-S 

W  4» 

Quartzose  sandstone  and  slate. 

vari 

^ble 

Compact  quartzite  with  very  little 
slate  and  quartzose  sandstone. 

From 

Nislnkoini  to  Kuji. 

Limestone. 

Nishikomi— Kudadon 

vari 

xble 

.\lternations  of  compact  quartzite, 
slate  and  sandstone. 

N— S 

W40 

Pyroxenite. 

N  40  W 

S  VV  40 

„ 

Kudadon — Keten 

N-S 

W  40  -45 

Slate  and  quartzose  sandstone. 

Keten— Kuji 

N-S 

W40 

Sandstone. 

From 

Kuji  to  Koniya. 

Kuji— Koshi 

N— S 

W  10 

Sandstone. 

vari 

able 

Slate  and  bhnsh  sandstone. 

Koshi  —  Shinokawa 

N  20  E 

X  W  50 

Slate. 

X  40E 

X  W35 

Alteroations  of  thin  slate  and  quart- 
zose sandstone. 

N-S 

W30 

,,                 ,,                 ,, 

Sh  inokawa—  Am  u  rogama 

N-S 

VV  35 

Amurogama— Konase 

.N  30  E 

X  W  40 

Sliitc,  quartzose  sandstone  and  blu- 

ish sandstone. 

)  N  40  E 

^N30E 

X  \V  40 

,1                 »                 >• 

N  W  50 

„                 „                 „ 

Konase— Atetsn 

Schalstein. 

N-S 

E  40 

Bluish  saudstone. 

N— S 

W40 

,, 

N-S 

E  40 

" 
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Strike. 

Dip. 

Kimls  of  rocks. 

At«tsn — Yui 

(X  10  E 
]  X  70  \V 
^X60W 

X  W  45 
XE  35 

Bluish  sandstone. 
Quartzose  sandstone. 

XE35 

Alternations  of  sandstone  and  slate. 

Yni— Kuneza 

X  50  W 

XE50 

Limestone    with    a    little    compact 
quartzite. 

X-S 

W  50 

Sandstone  and  slate. 

X50E 

XW30 

(X40E 
|X— S 

XW  30-45 

Slate. 

Kunezn— Tean 

W70 

jj 

>X  30  E 

X  \V  50 

Slate,  sandstone  and  quartzose  sand- 
stone. 

X  40E 

X  W  40 

Tean — Koniya 

X  10  E 
X— S 
IX  20  E 

X  W30 
W  40 
SE  20 

1)                 »                 » 

From 

Koniya  to  Aldna  (along  the 

sea). 

fX  40  E 
!  X  30  E 
■  .V  60  E 

1  X  10  E 

SE  50 

Sandstone. 

Koniya— Seisu 

SE  55 
vertical 

Quartzose  sandstone. 
Compact  quartzite. 

S  E75 

Sandstone  and  quartzose  sandstone. 

Seisu — -Katetsu 

JXSOW 
;  X  10  E 

S  W  20 

Sandstone  and  slaty  sandstone. 

iCatetsu — Isu 

X  W  60 

Quartzose  sandstone. 
Sandstone. 

X  30  E 

X  W  40 

Sandstone,  quartzose  sandstone  and 
slate. 

Isu— Akina 

j  X  30  E 

X40E 

lX30E 

vertical 
X  W80 
X  W  30 

1>                                     51                                     » 

From 

Akina  to  Sekko 

Akina — Katsu  ura 

X30E 

X  W  45 

Alternations  of  slate  and  quartzose 
sandstone. 

K atsu  ura  —  A  mi noko 

,X  20  E 

< 

X  W  55 

Slate  with  a  little  quartzose  sand- 
stone. 
Slate. 
Compact  quartzite. 

X— S 

Vr  45-80 

Slate. 

Quartzose  sandstone. 

FroMi 

Akina  to  Yamma 

X20E 

X  w  40 

Quartzose  sandstone. 

Katsuura — Yakkachi 

X  10  E 

X  W  30 

Alternations  of  slate  and  quartzose 
sandstone. 

ix-s 

W30 

Quartzose  sandstone. 

X30E 

X  W  40 

,, 

,N— S 

W40 

Slate. 

Yak  kachi  — Yamma 

fX30E 

X-S 

X  W40 

,, 

VV30 

,, 

(X  20  E 

X  W50 

Alternations  of  quartzose  sandstone 
and  slate. 

Fron 

Yamma  to  Katoku 

Quartzite  and  quartzose  sandstone. 

X-S 

W55 

Slate. 

X-S 

W  70-80 

Alternations  of  quartzose  sandstone 
and  slate. 

Frou 

Katoku  to  Ichi 

/X-S 

W50 

Slate. 

Katoku — Ao 

Quartzose  sandstone. 

X-S 

W60 

Slate. 

1  X  20  W 

S  W55 

Quartzose  siindstone. 

X20E 

X  W80 

Slate. 

X20W 

S  W  50-60 

Quartzose  sandstone. 

GEOLOGIC  STRUCTURE  OF  THE  RIUKIÜ  CURVE. 
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strike. 

Dip. 

Kinds  of  rocks. 

Ao — Ichi 

|n30E 

Quartzose  sandstone. 

N  W  35 

Quartzite. 

Granite. 

From  Ichi  to  Yamma 

Granite. 

Ichi — Todama 

Quartzose  sandstone  and  quartzite. 

Todaum — Yamma 

5 

Quartzite. 

/ N  20-30 

N|W  35-65 

Alternations  of  slate  and  quartzose 

E 

sandstone. 

From  Yamma  to  Nishinakama 

Yakkachi — Nishinakama 

N20E 

N  W40 

Quartzose  sandstone  and  slate. 

From  Nishinakama  to  Gusuku 

/N  10  E 

N  W  35 

Alternations  of  slate  and  quartzose 
sandstone. 

N40E 

N  W  20 

,, 

Nishinakama — Higauakama 

/N-S 

N  W  35 

,, 

N  lOE 

N  W  65 

Bluish  sandstone. 

N— S 

W  25 

,, 

N30E 

N  W60 

,, 

\N— S 

W45 

.. 

H  i  gan  akam  a — G  u  su  k  u 

Slate,     quartzose     sandstone     and 

bluish  sandstone. 

From  Gusuku  to  Kominato. 

Gusuku— Nishinakagachi 

N  20-30  E 

NW  20-55 

Alternations  of  slate  and  quartzose 

sandstone. 

Nishinakagachi— Kominato 

N-S 

W35 

Alternations  of  slate,  quartzose  sand- 

stone and  bkiish  sandstone. 

From  Kominato  to  Ogachi. 

Korainato — Toguchi 

N  30-40  E 

N  W25 

> 

E-W 

N  40 

N  70  E 

N  W30 

N60  E 

N  W60 

N40E 
N20E 
N30W 

N  W40 
S  E  20 
NE  35 

Alternations  of  slate,  sandstone  and 
'     bluish  sandstone. 

N20  W 

SW5 

E— W 

N^30 

N-S 

W  50 

N30  W 

S  W30 

J 

(N30  W 
(N20E 

S  W  60 

Slate. 

Toguchi— Ogachi 

NW  50 

From  Ogachi  to  Akaoki 

N-S 

E  35 

Alternations  of  quartzose  sandstone 
and  slate. 

E— W 

N  35 

V.                                          »                                         " 

N  10-20  E 

NW  35-50 

„               "               >> 

From  Akaoki  to  Tekebn. 

N30E 

N  W  30 

Alternations  of  slate,  quartzose  sand- 
stone and  bluish  sandstone. 

Akaoki— Kise 

■  N— S 

W  35-80 

,,                 ,,                 )' 

NIOE 

N  W  80 

,,                 1)                 " 

In-s 

W50 

>,                 "                 »> 

Kise— Tekebu 

Quartzose  sandstone. 

From  Akakina  to  Kasari. 

fN20E 
JN40E 

■^N20E 

(n— S 

N  W55 

Quartzose  sandstone  and  slate. 

Akakina — Kawakauii 

N  W  50 
N  W  40 

Slate. 

W55 

J, 

Schalstein, 
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strike. 

Di]). 

Kinds  of  rocks. 

Kawakami — Yani 

X20E 

X  W  25 

Slate. 

Yani — Kutsuno 

X30E 

X  W25 

Quartzose  sandstone. 

Kutsuno—  Sani 

tX30E 

,, 

X  \V  30 

Slate. 

Sani— Yo 

(N  70  E 

X  W30 

Alternations  of  slate  and  quartzose 
sandstone. 

From 

Kasari  to  Akaoki. 
Kasari — Beru 

Quartzose  sandstone. 

Bern — Snno 

X20E 

X  W  65 

„ 

Suno— Ushuku 

x-s 

W  55 

Quartzose     sandstone,     slate     and 
quartzite. 

(X-S 

E60 

Quartzose  sandstone. 

Baiiya--Setta 

N30E 
^X40E 

X  W70 
SE  40 

" 

Setta- Yoan 

X  30  E 

X  W40 

Alternations  of  sandstone,  quartzose 
sandstone  and  slate. 

X-S 

W70 

Diorite. 
Slate. 

Yoan— Akaoki 

X  20  E 
X  lOE 

X  WOO 
X  \Y  50 

Quartzose   sandstone   with  a   little 
slate. 

From  Akaoki  to  Tatsuj^ô. 

"                 "                 " 

Akaoki — Ashitoku 

Slate. 

Ashitoku-Yaniu 

X— S 
N  1Ü  W 

E  30 
XE30 

X-S 

E  35 

Slate  with  sandstone  and  quartzose 
sandstone. 

\  X  20-30 

w 

S  W  40 

X-S 

W40 

{  X  20  K 

X  \V  30-35 

"                 "                 " 

X  20  W 

S  W  30 

Slate. 

Yaniu  —  Sekerube 

X  30  E 

X  W  50 

Quartzose  sandstone. 

(;X40E 
VX20E 

X  W  35 

Slate  with  a  little  quartzose  sand- 

Sekerube—Kuba 

stone. 

X  W  60 

Kuba — Tatsiigfö 

Quartzite  with  slate. 

From  Tatsngö  to  Akina 

X30E 

X  W  40 

Slate  with  quartzose  sandstone. 

E-W 

X35 

,, 

X-S 

W45 

,, 

N20E 

X  W  30 

,, 

X20E 

X  W  30 

Alternations  of  slate  and  quartzose 
sandstone. 

From  Akina  to  Daikunia 

Akina— Ashikebu 

Slate. 
Schalstein. 

N  20  E 

X  W  30 

Slate  with  a  little  quartzose  sand- 
stone. 
Quartzose  sandstone. 
Slate. 

Ashikebu— Aira 

X-S 

\V20 

Schalstein. 

Aira-Daikuma 

X— S 

W  50 

Slate. 

Alternations  of  slate  and  quartzose 
sandstone. 

X  40  E 

X  W  50 

Slate. 

Schalstein. 

GEOLOGIC  STRUCTURE  OF  THE  RIÜKIU  CURVE. 
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strike. 

Dip. 

Kiud-5  of  rocks. 

From  Daikuuia  to  Xaze. 

X20E 
X20E 

X  W  50 
X  W  50 

Schalstein. 

Alternations  of  thin  slate  and  quart- 

zose  sandstone. 
Schalstein. 
Slate. 

Bluish  sandstone  and  quartzite. 
Slate. 

Kakeroina-j  ima . 


strike.  Dip. 


Kinrls  of  rocks. 


From  Oshikaku  to  Shodon 
Oshikaku — KachiyoUi 


Kochiyoki — Shokazu 

Shokazu — Ikema 
Ikoma  — Doren 

Doren — Shodun 

From  Shodon  to  Akitoku 
Shodon  —  Xomisan 


Xomisan — Akitoku 

From  Akitoku  to  Xishiamuro 
Akitoku — Sachiyoki 


X— S 

X  20  E 

X— S 

>  X  40  E 

rX  40  E 
X  50  E 

X50E 

X— S 
,X  70  E 
;  X  40  E 

IX  40  E 

X  20  E 
X  20-40 
E 
X  40  W 
X  30  W 


X  30  W 
X  60  E 

X— S 

■X  20  E 
X  20  E 
X20E 
X  20-30 
E 

X  30  E 
X  20  E 
X— S 
X  30  E 

X  40  E 


W65 

X  W  70 
W  40-15 

X  W  50 


vertical 
X  W  80 
X  VV  30 
W55 
X  W  50 
XW40-15 

X  \V  40 

X  W  70 

S  E  30-60 

S  W  10 
X  E  60 

X  E  40 
X  W  45 

W40 

vertical 
X  W  70 
vertical 

X  W  70 

X  W  55 
X  \V  45 
W35 
X  W  50 

X  W  30 

X  \V  30 
X  W  35 
X  W  25 

Slate. 

Alternations  of  slate  and  quartzose 

sandstone. 
Slate. 

Alternations    of     thin     slate     and 

quartzite. 
Slate. 

Bluish  sandstone. 
Slate. 

Quartzose  sandstone. 
Slate. 

Alternations  of  thin  slate  and  quart- 
zose sandstone. 
Slate  and  quartzose  sandstone. 


Slate. 
Sandstone. 
Slate. 
Sandstone. 


Slate  and  quartzose  sandstone. 

Schalstein. 

Slate. 

Sandstone. 
Bluish  sandstone. 
Slate - 

Bluish  sandstone. 
Quartzose  sandstone. 

Schalstein. 
Slate. 

Quart zosf»  sandstone. 
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strike. 

Dip. 

Kinds  of  rocks. 

fN-S 

W40 

Sachiyoki — Osai 

N40E 

N   W40 

Quartzose  sandstone  and  slate. 

N60E 

N  W  35 

Quartzose  sandstone. 

<  N  ao  E 

N  W45 

Schalstein. 

Slate  and  quartzose  sandstone. 

In2oE 

N  W  50 

Slate. 

(n— S 

W40 

\N20E 

N  W45 

_, 

Osai — Ikomo 

Quartzose  sandstone. 

Ikomo — Kedomi 

p— S 

VV55 

Slate  and  quartzose  sandstone. 

Compact  quartzite. 

Ikouio — Xishiamuro 

•j  N  20  E 

N  W30 

Slate  and  quartzose  sandstone. 
Compact  quartzite. 

X30E 

N  W55 

Slate  and  quartzose  sandstone. 

From  Nisliiamuro  to  Shiba. 

N  20  W 

S  W  30-45 

Compact  quartzite. 

Nishiauniro— Kaniu 

.N  30  E 

Slate. 

N  W  50 

Compact  quartzite. 

Kaniu — Sukonio 

N20E 

N  W60 

Slate. 

Compact  quartzite. 

Slate 

Compact  quartzite. 

N-S 

W;25 

Limestone. 

' 

Slate. 

Sukomo — Adachi 

Compact  quartzite. 

"  N— S 

W35 

Slate. 

Compact  quartzite. 

Limestone. 

Adachi— Saneku 

Compact  quartzite. 

Quartzose  sandstone  and  slate. 

Compact  quartzite. 

Bluish  sandstone. 

Compact  quartzite. 

Slate  and  quartzose  sandstone. 

Compact  quartzite. 

X-S 

W50 

jj 

Saneku — Shiba 

Bluish  sandstone. 

"  N20E 

NW45 

Compact  quartzite. 

N— S 

W45 

Slate. 

From  Shiba  to  Satsukawa. 

N  :;0E 

N  W45 

Quartzose  sandstone  and  slate. 

From  Satsukawa  to  Setake. 

N  40  VV 

S  W  50 

Slate. 

Couipact  quartzite. 

■  N  20E 

N  W60 

N  10  W 

S  W50 

Slate. 

In  10  E 

N  W  40 

,, 

From  Setake  to  Oshikaku. 

Limestone. 

Setake — Kiji 

Slate. 
Schalstein. 
Quartzose  sandstone. 
Slate. 

N  40  E 

( 

N  W  50 

Quartzose  sandstone. 
Compact  quartzite. 

Kiji — Takena 

In— S 

Slate. 

W45 

Compact  quartzite. 

Takena — Miura 

N-S 

W  35-45 

Slate. 

Miura — Hyô 

/•N30E 
In20E 

N  WCO 

Alternations  of  slate  and  quartzose 
sandstone. 

compact  quartzite. 

N  W  55 

Slate  and  quartzite  sandstone. 

GEOLOGIC  S'l'RUCTURE  OF  THE  RIUKIU  CURVE. 
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strike. 

Dip. 

Kinds  of  roclts. 

Hyö — Sesô 
Sesö— Oshikak« 

N  20  E 
(N20E 

NW  60 
N  W  20 

Compact  quartzite. 
Quartzose  sandstone  and  slate. 
Compact  quartzite. 
Slate  and  quartzose  sandstone. 

As  shown  in  the  abstract  of  my  field  notes,  all  the  rocks  dip 
steeply  westward  and  are  never  horizontal.  The  strike  is  XE  to  8W 
which  is  nearly  parallel  to  the  line  connecting  the  island  of  Oshima 
with  Tokuno-shima  and  Yoron-jima.  The  whole  interior  of  the  first 
island  is  mountainous  ;  there  is  a  plateau  only  on  the  northern  end, 
which  has  been  denuded  and  partially  covered  with  raised  coral  reefs. 
A  long  narrow  inlet  with  deep  water,  lying  on  the  south  of  Edato- 
jima,  is  probably  due  to  the  formation  of  a  fissure,  perpendicular  to 
the  axis  of  the  Oshima  group.  There  are  greatly  contorted  strata 
as  well  as  porphyrite  eruptions  on  both  sides  of  the  inlet.  The 
narrow  and  deep  channel  between  Oshima  and  Kakeroma-jima, 
probably  of  a  simihu*  origin,  extends  in  the  same  direction  as  this 
inlet,  and  there  is  another  porphyrite  dyke  on  the  northern  coast  of 
the  western  part,  lîesides  the  above  mentioned  three  parallel  dykes, 
exposed  at  Lken,  Kuji,  Ikegachi,  Ashiken,  lîuren,  Xagara,  Sanen, 
Kudadon  and  Keten,  there  are  three  other  dykes  of  the  same 
porphyrite  running  generally  NE — SW.  They  are  found  in  Kake- 
roma-iima  and  on  the  road  from  Xaijara  to  Keten  in  Oshima.  That 
exposed  on  the  south  of  Naon  is  properly  hornblende-porphyrite.  Xo 
volcanic  rocks  are  found  in  the  islands  ;  pre-tertiary  eruptives  are 
exposed  chiefly  near  the  eastern  coast.  lîiotite-granite  is  found  to 
have  been  erupted  through  the  Palœozoic  rocks  near  Yamma,  as  at 
Iclii,  Todama  and  other  villages.  Diorite  with  a  little  granite  is  found 
near  Tekebu  on  the  northern  corner  of  Oshima. 

Tohuno-shima.      This   island   is  elonofated   from  north  to  south. 
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The  hiîrli  mountains  in  tlie  interior  consistino^  of  Paleozoic  rocks  and 
plutonics,  are  surrounded  by  a  vast  plateau  of  Diluvial  reefs,  which  is 
especially  extensive  in  tlie  southern  part.  The  highest  peak  is  Ino- 
kawa-dake  Mdiich  rises  :2207  ft.  above  the  .sea-level.  The  Palœozoic 
rocks  are  chiefly  clay  slate,  the  same  as  that  in  Oshima.  Sandstone 
and  quartzose  sandstone  are  not  uncommon,  but  pyroxenite  or  amphi- 
bolite  is  rarely  found.  Compact  quartzite  was  never  observed  even  in 
the  form  of  fragments.  All  tliese  rocks  are  regularly  folded,  but  show 
several  disturbances  in  contact  with  the  plutonics. 


Strike. 

Dip. 

Kinds  (It  rock-i. 

From  Sanmura  to  Ketoku 

N  30  E 

X  W  25 

Slate. 

N— S 

VV  SO 

,, 

N  30  E 

X  W  25 

,, 

N20E 

X  W  40 

Sandstone  and  pyroxenite. 

N  40  E 

X  W  30 

Slate. 

From  Ketokii  to  Buuio 

Slate. 
Quartzite. 

N40E 

X  W  60 

Slate. 

N— S 

W^30 

^, 

X  20  E 

X  W  55 

Slate  with  a  little  quartzose   sand- 
stone. 

X— S 

W45 

„ 

From  Shioiokusbi  to  Inokawa 

Slate  and  sandstone. 

From  Kauiezu  to  Omonawa 

N  40  W 

S  W  40 

Slate,     sandstone     and    quartzose 
sandstone. 

N  20  W 

S  W  30-50 

,, 

Intabu-dake 

N-S 

W30 

Qartzite  with  a  little  slate. 

From  Shirai  to  Kamezu 

N-S 

W  30 

Bluish  sandstone  and  slate. 

/N40E 

X  W  35 

Slate. 

From  Kamezu  to  Mikyö 

N— S 

W  30 

Bluish  quartzose  sandstone. 

N  20  E 

/ 

X  W  20 

Slate. 
Serpentine. 

S  50  E 

X  W  40 

Quartzose  sandstone. 
Granite. 

VX  50  E 

X  W  50 

Quartzose  sandstone  and  slate. 

From  Töl^e  to  Ketok\i 

X— S 

W30 

Quartzose  sandstone. 

From  Matsubara  to  Sanmura 

(  X  40  E 
X30E 

X  W  80 

Greywacke  sandstone. 

Matsubara  — Yonama 

X  W  60 

Slate. 

\ 

Quartzose  sandstone. 

1  N  30  E 
In  40  E 

X  W  40 

Slate. 

X  W  45 

„ 

Tete — Kanami 

X60E 

X  W  55 

Quartzose  sandstone. 

X40  E 

X  W  55 

Slate  and  quartzose  sandstone. 

GEOLOGIC  STEUCTÜRE  OF  THE  EIUKIU  CURVE. 
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Strike. 

Dip. 

Kinds  of  rocks. 

Kanami- 
Auiekidake 

-SaniDura 

fN  60  K 

N40E 

-  N  50  E 

N60E 
IN70E 

N  40  E 

N  W4a 
N  W45 
N  W  35 
N  W  55 
N  W  50 

N  W  30 

Slate  and  quartzose  sandstone. 
Slate  and  qnartzite. 

The  ;ibove  list  shows  that,  the  general  dip  is  NW  and  the  strike 
NE  to  SAY,  as  in  Oshima, 

In  the  plutonics,  there  are  various  granites  in  ditlerent  places, 
t'.(/.,  I  found  biotite-granite  at  San-mura  and  hornblende-granite 
on  tlie  road  from  Mikyö  to  Kamezu.  Diorite  is  exposed  over 
large  areas,  together  with  granite  in  the  vicinity  of  J>uma.  Serpen- 
tines are  found  in  some  places,  e.g.  near  Mikyö.  Dyke  rocks  are  not 
uncommon;  quartz-porphyry  is  found  on  the  west  of  Buma,  at 
iShimokushi  and  Inokawa,  and  between  Inokawa  and  Shoda,  Yaezao 
and  Shirai,  Mikyö  and  Setaki.  On  the  north  of  Ketoku,  there  is  a 
porpliyrite  dyke  with  a  strike  X4o°E.  These  pre- tertiary  igneous 
rocks  have  disturbed,  only  at  the  line  of  direct  contact,  the  Palaeozoic 
strata  which  usually  show  regular  dips.  Thus  the  last  tectonic 
disturbances  in  Tokuno-shima,  Oshima  and  other  islands  seem  to  have 
taken  place  long  after  their  eruption,  and  certainly  before  the  elevation 
of  the  reefs  which  are  quite  horizontal. 

Okinoembu-jima.  This  island  is  a  table-land  of  Diluvial  coral 
reefs  with  two  peaks  of  Palaeozoic  rocks  in  the  interior.  The  highest 
peak  Oyama  has  a  height  of  only  687ft.  above  the  sea-level.  The 
island  extends  from  NE  to  SW,  which  is  also  the  direction  of  the 
axis  of  folding  of  the  Palieozoic  rocks.  In  the  bluish  quartzose  sand- 
stone of  Oyama,  I  have  found  the  following  stratifications: — 

N30°E  NW20°  N45°E  N\V30°  N— S  W30° 
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The  l*alaeozoic  Oll  the  north-east  of  O yama  is  ehiefly  clay  slate. 
In  the  eastern  part  of  this  region,  a  Palaeozoic  sandstone  is  pierced  by 
a  p«3rphyrite  dyke  with  a  NE  strike. 

Yoron-jiiiiii.  'rtioiiii'h  r  ha\^e  not  visited  this  island,  I  am  informed 
that  it  is  N'l'i-y  low  and  plateau-like,  consisting  mainly  of  raised 
(•oral  reefs.  As  judged  from  a  collection  of  rocks,  there  are  in  the 
interior  limited  exposures  of  Palaeozoics,  such  as  pyroxenite,  sandstone 
und  limestone. 

Kihaiga-sliinui.  This  small  island  with  a  coast  line  of  about  20 
miles  lies  far  to  tlie  east  of  Oshima  and  Tokuno-shima.  The  lono;itu- 
dinal  axis  runs  NE  to  SW,  parallel  to  a  line  joining  Oshima  with 
Yoron-jima.  The  interior  is  a  flat  table-land,  with  a  maximum 
height  of  684  ft.  above  the  sea-level.  The  coast  is  cliffy  and  fringed 
witli  recent  coral  reefs.  Tlie  island  consists  of  raised  coral  reefs  with 
a  foundîition  of  Tertiary  rocks  which  are  exposed  only  in  a  cliff'  near 
the  sea  coast  (Fig.  1).   The  Tertiary  rocks  on  the  eastern  coast,  traceable 


Fig.  1.^ — .\  view  of  Kiifaiga-shima,  as  seen  from  the  south-east. 


from  Somachi  to  Ivamikatetsu,  are  chiefly  bluish  sandy  shale,  often 
with  intervening  layers  of  marls  and  loose  brownish  sandstones  and 
very  rarely  with  thin  pumice  beds.  The  sandy  shale  on  the  road 
from  Keraji  io  Urabaru  shows  a  strike  N20°W  or  N — S,  and  dip  NE 
or  E  with  an  angle  of  35°.  In  the  western  part  of  the  island,  there 
is  found  a  marly  sandstone,  sometimes  alternating  with  loose  bluish 
sandstone,  and  always  dipping  due  west  5°. 
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II.  THE  TOKARA  GROUP. 

This  gToup  lying  on  the  north-west  of  Oshima,  consists  of  very 
suuill  islands  on  a  line  NE  to  SW  ;  viz,  Yoko-shima,  Kaminone-sho, 
Tokara-jima,  Shimako-jima,  Akuseki-jima,  Siiwanose-jima,  N"akano- 
shima,  Kiichino-shima,  Taira-jima,  Gwaja-jima  and  Kogwaja-jima. 
According;  to  Mr.  Yaniao^ami,  all  these  islands  consist  of  andésite. 
Solfataras  are  said  to  exist  on  Xakano-shima,  Kogwaja-jima  and  Aku- 
seki-jima. He  also  informs  me  that  Sawanose-jima  is  even  now 
sending-  forth  lava  and  is  considered  as  the  onlv  active  volcano  in  the 
Riukiu  Carve.  Besides,  distinct  volcanic  craters  are  seen  in  Nakano- 
shima  and  Akuseki-jima,  and  some  traces  of  volcanic  centres  in 
Kuchino-shima  and  Gwaja-jima. 

III.     THE  ÖSUMI  GROUP. 

This  group  contains  only  a  few  scattered  islands  near  Kyûshû. 
The  two  largest  islands,  Tanega-shima  and  Yaku-shima,  have  already 
been  described  by  Mr.  Nishiwada.*  According  to  him,  Tanega-shima 
has  the  shape  of  a  battery  with  the  highest  peak  1200  ft.  above  the 
sea-level,  and  consists  of  Tertiîiry  rocks,  such  as  sandstone,  shale  and 
conglomerate,  with  thin  layers  of  impure  limestone  and  brown  coal- 
seams.  The  strata  are  greatly  distorted  with  a  strike  NNE,  which  is 
parallel  to  the  longer  jixis  of  the  island.  Diluvial  rocks  cover  the 
Tertiary,  but  here  the  raised  coral  reefs,  which  are  met  with  in  the 
islands  lying  to  the  south,  are  never  found.  According  to  Mr.  E. 
Sao-awa,  who  visited  this  island  in  1899,  the  interior  seems  to  be 
composed   of  two   different   formations.       The    older    one   is   greatly 

*  ^^ ^JScMX^^^s^   (Report  ou   Taue^a-shima   and    Yaku-shima;   in  J(tp'nie>!e).—  Tlie 
Journal  of  Gcographj ,  Tokyo,  Vol.  YII,  No.  80,  1895. 
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distorted,  hard  and  slate-like,  and  is  Tertiary  or  eAeii  older  ;  Avliilethe 
other  one  is  less  distorted  and  has  the  aspect  of  a  more  recent 
Tertiary. 

"^'akii-sliinia  is  entirely  destitute  of  Hat  land,  and  the  highest  peak 
has  an  elevation  of  63-15  ft.  The  central  portion  is  entirely  granite. 
Only  around  the  coast  do  we  find  clay  slate  and  sandstone,  whicli  are 
older  tlian  the  granite,  as  in  Oshima,  Tokuno-shima  and  other  islands. 

The  island  Make-jima  lying  near  Tanega-shima  is  composed  of 
Tertiary  sediments.  The  four  islands  of  neovolcanic  rocks  (andésites), 
Kuchinoerabu-jima,  Kuro-shima,  Iwô-jima  and  Take-shima,  are 
situated  on  a  line  connecting  the  islands  of  the  Tokara  group  with  some 
volcanoes  in  Kyushu,  such  as  Kaimon-dake,  Sakura-jima  and  Iviri- 
shima-yama.  According  to  Mr.  Yamagami  Iwö-jima  lias  a,  cratei- 
at  the  summit,  which  is  now  vigorously  emitting  sidphuretted 
hydrogen  gas.  Kuchinoerabu-jima  has  also  a  distinct  crater  which 
emits  the  same  gas.  In  1839,  a  great  eruption  took  place  in  the 
latter  island,  and  many  persons  were  buried  in  the  ejectamenta. 


IV.     THE  OKINAWA  GROUP. 

lîesides  tlie  main  island,  Okinawa,  with  its  numerous  dependent 
islets,  such  as  Kudaka,  Tsuken,  Kouri,  Miyagusuku,  Ike,  le,  Sesoko, 
Minna,  Yagaji,  Ö,  Shitomo  and  others,  this  group  includes  the  islands 
of  the  Iheya  subgroup  (five  in  number),  those  of  Kerama  subgrouj) 
(m(3re  than  twelve)  and  tlie  islands  of  Kume,  T(3naki,  Aguni  and 
Ion. 

(Jkinaiva-jnna  and  its  Dtyendent  Islets,  'i'he  principal  ])art  of  Oki- 
nawajima  trends  from  XE  to  SW,  and  the  southern  part  from  xs  to  ^^. 
The  former,  being  almost  entirely   l^ahoozoic,  is  mostly  mountainous 
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especially  near  the  northern  part;  the  western  coast  is  nearly  straight, 
with  the  exception  of  the  tongue-shaped  projections  of  Motohu,  Aka- 
maruga-saki  and  Hedo.  It  is  very  interesting,  that  these  regions  which 
project  out  to  sea  are  composed  of  Palaeozoic  sediments  entirely  differ- 
ent from  those  in  other  places.  The  highest  peak  Katsuo-dake,  is  found 
in  the  Motohu  region  and  has  an  elevation  of  1557  ft.  ahove  the  sea- 
level.  The  southern  part  of  Okiiiawa-jima  is  generally  plateau-like, 
and  belongs  to  the  Tertiary  and  Post-tertiary  formations. 

The  Palteozoic  rocks  are  clay  slate,  sandstone,  pyroxenite  or 
amphibolite,  and  schalstein  found  in  the  main  part  of  the  island;  and 
the  overlying  limestone  with  compact  quartzite,  found  in  the  western 
part,  viz.  in  the  regions  of  Motohu,  Akamaruga-saki,  Hedo,  and  in  the 
south  of  Shioya.  In  the  region  of  Motolju  the  dip  is  variable,  but 
most  frequently  west  or  south-west  20 — 70  degrees.  PI  IV^  shows 
the  kinds  of  rocks  observed  in  my  trip  through  this  region.  In  the 
limestone  with  compact  quartzite,  belonging  to  the  western  part, 
there  are  thin  layers  of  slate,  sandstone  and  pyroxenite  or  amphibolite, 
all  of  which  are  also  found  in  the  main  part.  Moreover  the  limestone 
and  compact  quartzite  are  conformable  with  the  same  rocks  in  the 
main  part  and  seem  to  represent  only  a  later  part  of  the  same  period 
as  is  shown  by  the  dips.  In  the  other  islands  of  the  Iliukiu  Curve, 
all  of  the  Palaeozoic  rocks  are  also  associated  with  one  another.  Thus 
in  Öshima,  the  two  rocks  showing  generally  a  westward  dip,  are 
found  in  the  western  part  and  are  often  intercalated  in  the  other 
Palœozoic  rocks,  just  as  in  Okinawa-jima.  Moreover  the  islands  on  the 
w^est  of  Okinawa,  viz.,  Sesoko,  le  and  Kouri,  and  those  in  the  Iheya 
subo-roup  are  almost  all  composed  of  limestone  and  compact  quartzite 
and  not  of  other  rocks. 

The  following'-  abstract  of  my  note  refers  to  the  P;dci?ozoic  rocks 
lying  outside  of  the  Motohu  region  : 
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Ok 


iiiawa-jiDi.-i. 


Strikf. 

Dip. 

KiuiLs  of  rock.-i. 

From  Kina  to  Onaa. 

Kina — Yamada 

(  X  50  E 
(  X  40  E 

X  \V  30 
X  W  50 

Slate. 

Yamacla — F  u  k  i 

X40E 

X  W  50 

^, 

Fuki— Chatan 

X40E 

vertical 

„ 

Chatan — Onna 

Quartzose  sandstone  and  slate. 

From  Onna  to  Choda. 

Onna-Seragaki 

X  50  E 

X  W  40 

Pyroxenite  with  a    little  quartzose 
sandstone. 

Seragaki— Afuso 

Slate  and  quartzose  sandstone. 

Afuso — Xakama 

X30E 

X  W  50 

Porphyrite  dvke. 

X40  E 

X  W  50 

Slate. 

Xakaiua— Kise 

X40E 

X  W  30 

,, 

Kise — Kôki 

X40E 

X  W  40 

,, 

Kôki — Choda 

X  40  E 

X  W  40 

,, 

From  Choda  to  X'ago. 

Choda-Sukuda 

Slate. 

Porphyrite  dyke. 
Hard  sandstone. 

Distc 

)rted 

Slate. 

(  X  50  W 

S  \V  30 

,, 

Sukuda— Semurokei 

•  X  10  W 

S  \V  40 

i  X  30  W 

S  W  30 

„ 

Semurokei — X'ago 

X  30  W 

S  NY  45 

Hard  sandstone. 

From  Xaj^o  to  Oyakawa. 

Xago — Izashicrawa 

Alternations  of  slate  and  sandstone. 

From  Oyakawa  to  Shioya. 

Inamine — Genga 

X40E 

X  W  40 

Quartzose  sandstone. 

Gengra— Tsuwa 

x-s 

W20 

Pyroxenite. 

o 

Porphyrite  dyke. 

Tsuwa — Tonujâ 

Slate. ' 

Tonujä  — Shioya 

.. 

From  Shioya  to  Okuma. 

Shioya— Xejime 

Quartzose  sandstone. 

Xejime — Ogimi 

.• 

Ögiiiii— Okanekii 

E-W 

S  20 

Slate. 

Okaneku — Xyôha 

N  60  W 

S  w  30 

„ 

1 X  40  E 

X  W  40 

Liuiestone. 

X^yÔha  — Hama 

X  80  E 

X  W  20 

,. 

^  X  ao  w 

S  W  50 

„ 

Hama— Okuma 

X  20  W 

S  W  20 

,, 

X  20  E 

X  ^v  20 

Slate. 

E-W 

s  20 

,, 

From  Okuma  to  Hetona. 

X  50  \V 

s  \y  20 

Quartzose   sandstone   with   a   little 
slate. 

From  Hetona  to  Yona. 

Hetona— Iji 

X  60  W 

s  ^Y  40 

Quartzose  sandstone. 

Iji — Yona 

N— S 

W40 

Alternations  of  slate  and  sandstone. 

From  Y'ona  to  Shashiki. 

Sandstone  and  porphyrite  dyke. 

From  Shashiki  to  Henoki. 

X20E 

X  w  20-50 

Sandstone  with  very  little  slate. 

From  Henoki  to  Uka. 

X20E 

X  w  30 

Sandstone. 

From  Uka  to  GinamaVjara. 

(X30W 
(X— S 

s  w  20 

Sandstone  with  a  little  slate. 

VY40 

,, 

(N-S 

W45 

Sandstone  and  slate. 

Jachinbira 

X  40  W 

s  W  45 

>» 

ix-s 

W30 
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Strike. 

Dip. 

Kinds  of  rocks. 

Bumibira 

X40E 

N  W  20-40 

Quartzose   sandstone   with   a  little 
slate. 

From  Ginaiuabara  to  Hedö. 

X45E 

X  W  40 

Slate. 

(X40E 
^\-S 

X  W  45 

From  Hedö  to  Oku. 

\V40 

", 

From  Oku  to  Sosu. 

X  54  E 

S  E  30 

Slate. 

X-S 

W50 

Quartzose  sandstone. 

X40E 

X  W  40 

X50E 

X  W40 

N-S  _ 

W  30-70 

Distorted           | 

X— S 

W  40-80 

From  Sosu  to  Ada. 

X  20  E 

X  W  60 

Slate. 

X— S 

W  50-30 

,j 

X  20  W 

S  W  50 

Quartzose  sandstone. 

X  20  E 

X  W  50 

\ 

X— S 

W50 

X— s 

W60 

X  20  W 

X— S 

X  10  w 

S  W  50 
W50 

S  W80 

Alternations     of     quartzose    sand- 
'     stone  and  slate. 

X— s 

W60 

X  10  E 

X  w  80 

X  10  E 

X  w  50 

/ 

From  Ada  to  Awa. 

X— S 

W  50-70 

Slate. 

X  10-20  E 

X  W70 

,j 

X  10  W 

S  W70 

Quartzose  sandstone. 

From  Awa  to  Miyagusuku. 

,X-S 

W50 

Quartzose  sandstone  and  slate. 

Awa  —  A  rakawara 

X  40  E 

X  W  40 

,, 

Jx— S 

W40 

,, 

X40E 

X— S 
\\  30  E 

X  W50 

„ 

W30 

„ 

X  W  50 

„ 

/  X— S 

W50 

Slate. 

Araka^ara — Miyagusuku 

X40E 

X  W  50 

„ 

X  20  E 

X  W50 

Sandstone. 

X  20  E 

X  W  40 

„ 

X— S 

W50 

^^ 

X  40  E 

X  W40 

Slate  with  a  little  sandstone. 

X  10  E 

XW50 

,, 

X30E 

X  W  50 

„ 

X— S 

W  45 

,, 

X-S 

W  (50 

„ 

X— s 

W  70 

Sandstone. 

\X30E 

X  W  50 

Slate 

From  Miyagusuku  to  Arume. 

Miyagusuku — Kawada 

(  X20-40E 

|x-s 

N  W  40-60 
W  40-60 

Sandstone  with  a  little  slate. 

Kawada — Têra 

X30E 

XW50 

Slate. 

(  X  30  E 
]  X  40  E 
^X40E 

X  W  20 

Sandstone. 

Têra — Kesaji 

XW  30-50 

„ 

' 

X  VV  40 

Slate. 

X— s 

W50 

„ 

Kesaji— Arume 

X  20  E 

X  W  70 

„ 

X— s 

W50 

„ 

X30E 

X  W  60 

30 
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strike. 

Bip. 

Kinda  of  rocks. 

From  Arume  to  Setake. 

Arume — Teniya 

,N  50  E 

X  W60 

Sandstone  and  conglomerate. 

N50E 

X  W  50 

«late. 

■  N  60  E 

X  W40 

,^ 

N70E 

X  W  25 

Saadstone. 

\^^50E 

X  W  30 

,, 

'I'eniya— Kayo 

.N  70  E 

X  W  50 

Sandstone. 

N60E 

X  W  40 

Slate. 

i  N  80  E 

X  W  50 

jj 

N  60  E 

X  W  30 

Sandstone. 

^N80E 

X  W  40 

^^ 

Kayo— Aim 

(N40E 
(N  30  E 

X  W  15 

Sandstone. 

X  W30 

.. 

Abu — Tema 

!  N  40  E 

X  50 

Saadstone  with  a  little  slate. 

W  50 

,j 

■  N— S 

W50 

,, 

N60E 

X  W  50 

„ 

.NT  80  E 

X  W  50 

j^ 

Tema — Setake 

N  60  K 

X  W  60 

Sandstone  aud  slate. 

From  Setake  to  Oura. 

N  20  E 

X  W50 

Slate. 

From  Kushi  to  Kin. 

Kiishi — Kochiya 

(  N  60  E 
{is  50  E 

X  W  30 
X  W  30 

Slaty  sandstone. 

Kochiya — Kanna 

vari 

ible. 

,, 

Kanna — Kin 

vari 

ible. 

Slaty    sandstone,    schalstein,    slate 
antl  saadstone. 

From  Kin  to  Ishikawa. 

Kin  —Ige 

W50 

Alternations      of     scbalstein     and 

N— S 

quartzose  sandstone. 

N45E 

X  W  70 

Slate. 

N30E 

X  W  50 

,, 

N70E 

X  W  70 

,, 

N— S 

W30 

,, 

N  20  E 

X  VV  30 

Alternations  of  pyroxenite,   quart- 
zose  saadstone  and  slate. 

N— S 

W  30 

J,                 1»                 )» 

(N30E 
(N50E 

X  W  40 

Quart zose  sandstone. 

Ige — Yaka 

X  W  30 

,, 

X  50  E 

X  W  40 

Pyroxenite   with  thin   alternations 
of  slate  and  quartzite. 

Yaka — Ishikawa 

X  40  E 

X  W  40 

It  is  apparent,  that  Okinawa-jima  is  simply  a  continuation  of 
Öshima,  which  it  closely  resembles  in  tectonics  and  petrography.  The 
Palaeozoic  rocks  found  in  the  former  are  never  horizontal,  and  have 
the  strike  parallel  to  the  longer  axis  of  the  island,  and  the  dip  almost 
always  westward.  There  is  observed  no  marked  folding  or  faulting 
on  the  sea  coast,  nor  in  the  interior.  The  principal  Palaeozoic  rock  is 
clay  slate.  Greywacke  sandstone  is  also  common.  Pyroxenite  or 
amphibolite  is  more  extensive,  and  schaistein  less  so  than  in   Oshima. 
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Fossils  are  not  found  in  these  rocks.  I  was  able  to  collect  specimens 
of  only  a  single  species  of  coral  from  the  limestone  in  Motobu,  and 
of  an  indeterminable  Mollusca  from  the  same  liaiestone  bed  in  the 
neio;hbouring-  island  of  Sesoko. 

The  southern  part  of  Okinawa-jima,  which  trends  from  N  to  S  in 
contrast  with  the  princip;d  Palœozoic  region,  shows  a  foundation  of 
Tertiary  sediments.  They  were  once  entirely  covered  with  raised 
coral  reefs,  but  these  now  remain  only  in  scattered  patches.  The 
Tertiary  sediments  are  also  exposed  in  the  valleys  of  the  Paheozoic 
regions  near  Oyakawa.  The  chief  Tertiary  rock  is  a  loose  sandy  shale 
with  thin  layers  of  marl.  Sandstones  of  a  fine-grained  brownish,  and 
of  a  hard  bluish  calcareous  variety  are  sometimes  found  at  Toguchi 
near  Ose,  and  a  bluish  shale  near  N^aha  and  Ose.  Fossil  wood 
and  a  few  species  of  small  shells  are  found  here  and  there  in  the  sandy 
shale.  I  have  collected  at  Kochinda  Leda,  Drillia,  Natica,  Dentalium 
octogoimui  Lamk.  and  one  other  species  of  the  last  mentioned  genus. 
A  number  of  Foraminifera,  belonging  to  Operculum^  which  is  small 
in  size  and  not  identical  with  the  characteristic  spscies  found  in 
Diluvial  reefs  in  the  Riukiu  Curve,  have  been  gathered  from  the  loose 
sandstone  in  Okinaga  near  Itoman.  The  Tertiary  rocks  are  either 
quite  horizontal,  or  inclined  in  various  directions  in  contrast  with  the 
regularly  bedded  Pnheozoic;  as 

atNaba     E— W     N10,°     or     N60^E     NW50° 

at  Taira  near  S huri      N80°E     NW20° 

at  Nakanishi  (north  of  Naha) horizontal 

on  the  road  from  Shnri  to  Konaha         N60°E        NW40,°        N60°E        NW10°, 

N50=W     SW50° 

at  Konaha N40°E     SE35° 

on  tlie  west  of  Yonabaru horizontal 

at  Öse    N45°\V     NE5° 

atOlciuasa        N40°E     NW20° 
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atKochincla N40°E     SE10° 

Ol)  tlic  road  from  Kochimk  to  Hébava     NOO°W  SW25,°  N-S  W15,° 

N40°W     SW10° 
nearOyalcawa N40°E     SE20° 

The  igneous  rocks  arc  îill  Fre-tertiary  jwrphyrite  forming  eight 
dykes,  all  in  the  western  part  of  the  island.  AVith  a  single  exception 
at  Nakama  on  the  east  of  Onna,  where  it  is  X30°W,  the  strike  of  the 
dykes  is  parallel  to  the  long  axis  of  the  island.  The  fifth  dyke, 
counting  from  the  west,  runs  exactly  along  the  western  coast  on  the 
north  of  the  Motobu  region.  The  dykes  mostly  belong  to  the  mica- 
porphyrite,  and  there  is  no  hornblende- porphy rite  as  in  the  vicinity  of 
Xaon  in  Oshinia.  All  the  dykes  pierce  the  Palaeozoic  rocks,  but  never 
come  in  contact  witli  the  Tertiary. 

Yagaji-jima  is  merely  a  piece  of  land  separated  from  Okinawa- 
jima  by  the  action  of  the  sea.  The  Palaeozoic  limestone  with  compact 
quartzite  is  nothing  but  a  continuatiori  ofthat  in  the  Motobu  region; 
and  the  clay  slate  and  sandstone  in  tlie  center  of  Yagaji-jima  are  the 
same  as  those  in  the  principal  part  of  the  larger  island.  The  remain- 
ing parts  are  almost  wholly  occupied  by  raised  coral  reefs.  Only  at 
the  south-eastern  corner  there  is  a  very  small  area  of  Tertiary  sand- 
stone with  marl,  exposed  by  the  erosion  of  overlying  reefs.  This 
Tertiary  rock  contains  fossil  leaves,  corals,  DentaUum,  Tapes,  Nassa^ 
and  Trochus. 

Kouri-jima,  as  well  as  Sesoko-jima,  consists  of  Palœozoic  lime- 
stone with  a  belt  of  raised  coral  reefs  all  around  it.  In  the  lattei* 
island,  there  is  Palœozoic  sandstone  at  the  north-eastern  and  south- 
western ends  of  the  limestone  region.  Some  small  exposures  of 
compact  quartzite  are  there  found  in  different  places.  All  these 
sediments  incline  to  the  west  or  north-west  as  in  the  case  of  the  other 
islands.     A  dyke  of  porphy  rite  is  traceable  along  the  eastern  side  of 
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the  limestone,  und  runs   from  XE   to  SW.     Minna-jima   lying   near 
Sesoko-jima  is  a  very  flat  island,  composed  wholly  of  coral  reefs. 

le-jima  has  a  remarkable  feature  in  a  huge  p;)inted  rock  called 
Gusuku  which  rises  out  of  the  surrounding  hills  in  the  eastern  part  of 
the  island  (Fig.  2).     There  is  another  point   called   Buppiji,  but  it  is 

Gusuku 

M 

Buppiji 


Fig.  2.— View  of  le-jima  seen  from  Tokuji. 

only  a  little  higher  than  the  vast  surrounding  plateau,  which  is  entire- 
ly made  up  of  raised  coral  reefs.  The  rocks  of  these  two  prominences 
are  compact  quartzite  and  limestone,  the  same  as  those  in  the  other 
islands  of  the  Riukiu  Curve.  I  collected  a  specimen  of  diabase  ex- 
posed after  the  erosion  of  a  reef.  Blocks  of  Paltcozoic  sandstone  and 
pyroxenite  are  found  enclosed  within  the  raised  reefs.  Though  the 
latter  are  horizontal,  the  Palaeozoic  is  always  inclined  with  the  strike 
XE  and  the  dip  NW,  characteristic  of  the  Riukiu  Curve. 

The  above-mentioned  small  islands  of  the  Okinawa  group  are  nil 
situated  on  the  western  side  of  Okinawa-jima.  Those  on  the  east  of  this 
island  are  arranged  in  a  X — S  line  and  are  six  in  number;  namely  Ike, 
Miyagusuku,   Hama  (Fig.  3),  Hianja  (Fig.  4),  Tsuken  and   Kudaka. 


Fig.  3.     View  of  Hiauia-jiuia  seen  from  Yonagusukii-jima  and  Hianja-jima. 


Fig.  4. — View  of  Hianja-jima  seen  from  the  western  side  of  Yonagusuku-jima. 
(Tertiary  rocks  on  the  western  [i.e.  left]  side). 
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They  are  uU  entirely  capped  with  horizontal  reefs.  Only  in  Miya- 
gusuku-jima  and  Hianja-jima,  the  foundation  rock,  raised  above  the 
sea-level,  is  loose  brownish  sandstone  with  intervening  marly  layers; 
bluish  sandy  shale  also  occurs.  In  Miyagusuku-jima  they  are  inclined 
to  SE  on  the  south-eastern  side;  and  to  SW  10  degrees  with  the  strike 
of  S60°E,  in  the  southern  part.  Fossils  found  from  the  Tertiary  of 
this  island  are  mostly  small  forms  of  shallow  sea  deposits.  They  are 
Natica,  Trochm^  Guililfonlia,  Fecfunculus,  Liniopsis,  Pecten,  Anomia  and 
Dentalium.  There  are  also  well  preserved  specimens  of  Rhynchonella 
lucida  Gld.,  Mcr<ielia  sanguinea  Chemn.,  TerehratcUa  mariae  A.  Ad., 
Terehratula  japonica  Sow.,  Dosinia  cxolela  Linn'e  and  Nucida  mirahilis 
Hinds.  Besides  these,  I  have  collected  unpetrified  wood,  fossil  bones, 
corals  and  echinoids.  The  Tertiary  rocks  on  the  northern  side  of 
Hianja-jima,  when  traced  from  the  western  end  of  the  island  to  the 
east,  show  a  gradual  change  of  dips,  namely  from  an  eastward  to  a 
southward  and  finally  to  a  southwestward.  Thus  the  structure, 
arrangement  and  kinds  of  the  Tertiary  rocks  of  the  islands  on  the  east 
of  Okinawa-jima  are  just  the  same  as  those  in  the  southern  part  of  the 
large  island  itself,  witli  which  they  are  similar  in  origin. 

Almost  all  of  the  Kerania  Subgroup  which  contains  the  islands  of 
Zamami,  Aka,  Geruma,  Mokaraku,  Yakashi,  Kuba,  Tokashiki,  Kuro, 
Mae  and  others,  as  well  as  Tonahi-jima  seems  to  consist  of  I^alaeozoic 
rocks.  So  far  as  I  know,  there  is  no  tnice  of  raised  coral  reefs;  and 
the  islands  are  mosth^  mountainous  like  the  northern  part  of  Okinawa- 
jima.  Zamami-jima  is  especially  mountainous  and  has  the  best 
anchorage  of  any  of  the  lliukiu  islands.  Palœozoic  slate,  with  a  less 
extensive  sandstone,  generally  dips  toward  the  south,  southwest  or 
west,  with  an  angle  of  20°-45°,  but  never  to  the  east,  as  in  the  other 
islands  in  Riukiu.  A  dyke  of  porphyrite  is  found  in  Akamura.  Aka- 
jima,  lying  on  the  south  of  Zamami-jima.  consists  chiefly  of  greywacke 
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sandstone,  often  with  slate.  Pyroxenite  or  amphibolite  is  rarely 
found.  These  rocks  show  the  same  general  dip  as  in  Zamami-jima 
with  an  angle  of  25° — 45°.  Geruma-jima  and  Moknraku-jima  are 
chiefly  composed  of  sandstone  and  slate,  showing  the  same  dip  as  in 
the  two  islands  above  mentioned.  Indeed  the  islands  of  the  Kerama 
■subgroup  are  nothing  else  than  the  mere  continuation  of  the  region  of 
PalsBOzoic  rocks,  excluding  compact  quartzite  and  limestone,  in 
Okinawa-jima,  the  evidence  of  which  is  assured  by  the  kinds  of  rocks 
iind  the  position  of  the  islands  on  the  map. 

The  Iheiia  Subgroup  trending  north  and  south,  is  composed  of 
four  small  islands,  Iheya,  Gushichfi,  Izena  and  Yanaha.  Mr.  Kuroiwa 
has  found  most  of  these  islands  to  be  of  compact  quartzite,  except 
Yanaha-jima  and  a  part  of  Gushichfi-jima,  which  consist  of  raised 
coral  reefs. 

The  very  small  islets  on  the  west  of  Xaha,  namely  Kd-jima 
Koisa-jiiiia  and  Kisu-jiina  consist  essentially  of  fragments  of  recent  reef 
corals.  Only  the  western  |)art  of  Kei-jima  consists  of  undisturbed 
old  reefs. 

The  three  islands,  Kinne,  Aguni  and  Tori  are  the  only  volcanic 
islands  in  the  Okinawa  group.  Tori-shima,  lying  far  to  the  north- 
west of  Tokuno-shima,  has  a  length  of  three  miles,  and  is  still  emitt- 
ing a  great  quantity  of  sulphuretted  hydrogen  gas.  Mr.  Kuroiwa  has 
found  Aguni-jima  to  be  formed  of  neovolcanic  rocks  with  raised  coral 
I'eefs;  and  Kume-jima*  to  be  almost  entirely  augite-andesite.  Only 
between  Janadö  and  Uemura  on  the  eastern  side  of  Kume-jima  is 
there  a  little  exposure  of  Tertiary  (?)  sandstone,  dipping  45°  to  the 
northwest.  A  small  mass  of  schalstein  is  found  enclosed  in  the 
volcanic  rock.  Thick  raised  coral  reefs  are  found  also  in  this  island, 
along  its  northern  and  on  the  middle  of  its  western  coast. 

*  i^.Mëi  (Kume-jima  :  in  Japanese).— The  Jouni.  Geol.  Sac.  Tökijö,  Vol.  V,  No.  59,  1898. 
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V.     THE  SAKI-SHIMA  GROUP. 


'I'he  8;iki-shima  groii])  is  divisible  into  two  subgroups,  Miyako 
:in(l  ^'at'ynma.  tlie  foruier  lying  tiir  to  the  east  of  the  latter. 

'Hit',  Miijako  Subgroup. 

This  subgroup  contains  the  islands  of  Miyako,  Shimoji,  Irabu, 
Kurima,  Ikema,  Ogami,  Tarama  and  Minna  (Fig.  5).  Ogami-jima 
alone  consists  of  Tertiary  calcareous  sandstone  with  shale,  surrounded 
by  raised  coral  reefs;  all  the   other   islands   are   made   up  entirely   of 


Tertiary  sandstone 
and  shale- 


Raised  coral  reefs 


Alluvial  deposits. 


Scale  1:  200000. 


Kurimajuna 
Fig.  5. — Geological  Map  of  the  Miyako  Subgroup  excluding  Tarama-jima  and  Miuna-jima. 
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raised  reef«.  Their  Tertiary  foundation  is  exposed  only  at  iShiniajiri 
on  the  nortli-eastei-n  coast  of  Miyako-jima,  and  there  the  exposure  is 
due  to  a  fault.  We  lind  there  a  bluish  shale  conformably  overlaid  l)y 
a  loose  brownish  sandstone  with  a  dip  SW  15^  or  AV  7"^  and  a  strike 
N"  20°  W  or  N^-S.  I  found  the  rocks  to  be  very  rich  in  fossils,  among- 
which  Pecten  placunuides  Martinf  and  EancUa  elajam  lîeck*  are  pre- 
dominant. Both  are  in  the  Miocene  of  Java,  and  the  former  is  also 
abundant  in  the  Tertiary  of  Formosa.  Xenophora  af.  dunkerl  Martin 
and  Conus  aff\  jenhind  Martin  are  also  C(jmmon.  Besides  these,  Xatica, 
Oliva,  TurriteUa,  Macha,  Corhitla,  Liitraria,  Tapes^  Dosinia,  Canlium, 
Area,  Anomia  and  Ostrca  are  not  rare.  Whale  bones  and  crab-claws 
are  also  found.  A  thin  black-coloured  coal-seam  in  the  strata  appears 
not  so  late  as  the  fossil  wood  in  the  Tertiary  of  Okinawa-jima. 
Another  thin  layer  of  coal-seam  is  found  in  Ogami-jima. 

The    Yaeijcuiia   Sulxjroup. 

This  subgTou[)  comprises,  besides  the  two  large  islands  of  Jshigaki 
and  Iriomote,  ten  smaller  islands,  viz.,  Yonaguni,  Hatoma,  Xakanogan, 
Taketomi,  Kayamîi,  Kobama,  Kami-Kiiro,  Shimo-Kuro,  Aragusuku 
and  Hateruma.  The  last  four  are  entirely  l)uilt  of  raised  coral  reefs. 
Xakanogan-jima,  Hatoma-jima  and  Yonaguni-jima  are  composed  of 
Tertiary  sediments  and  niised  reefs.  Taketomi-jima  and  Kayama- 
jima  consist  of  Palœozoic  rocks  in  addition  to  raised  reefs.  In  the 
three  islands,  Ishigaki-jima,  Iriomote-jima  and  Kobama-jima,  there  are 
Palœozoic  and  Tertiary  sediments,  igneous  rocks  and  raised  reefs. 

Ishigaki-jima,  showing  the  most  complicated  geological  structure 
of  any  of  the  islands  of  the  Riukiu  Curve,  has  been  visited  by  ^lessrs. 
Kada  and  Kuroiwa  and  afterwards  by  myself.      We  find  in  this  island 

t  Martin,   Xachträj^e  zur  Tertiärschichten  auf  Java.  — , S« m?«,    dex    Geol.  lîekhs-MuKeiimx,  I 
Ser.,  II  Band,  1881—83. 

*  Martin,  Tertiärschichten  auf  Java,  .1880. 
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the  Palaeozoic  rocks  such  us  clay  slate,  sandstone,  [nroxeiiite  or  aiiiphi- 
bolite,  compact  quartzite  and  limestone,  ajid  the  iuneoiis  rocks, 
granite,  diorite,  diabase,  andésite,  propylite,  (piartz-porphyry  and 
liparite,  besides  less  extensive  Tertiary  sediments  ajid  raise(î  reefs. 
The  interior,  with  the  exception  of  the  table-land  composed  of  reefs,  is 
mountainous.  The  highest  peak,  Omoto-dake.  rises  1()80  ft.  above 
the  sea-level.  The  greater  part  of  Iriom<^te-jinia,  another  large  island 
in  the  Yaeyania  subgroup,  is  composed  «^f  Tertiary  sediments,  with 
Palaeozoic  sediments  only  on  the  north-eastern  corner,  and  raised  reefs 
at  vîu'ious  places.  The  whole  ishind  with  the  exception  of  the  very 
limited  occurrences  of  raised  reefs  is  mountainous.  The  highest  peak, 
Goza-dake,  has  an  elevation  of  about  1500  ft.  above  the  sea-levle. 
The  interior  is  entirely  uninhabited  on  account  of  the  presence  of  a 
terrible  fever  and  poisonous  snakes.  People  are  living  on  the  <;oast^ 
and  maintain  communication  Ix'tween  tlieir  villages  chiefly  by  means 
of  small  dug-out  canoes.  Oidv  a  few  persons  have  succeeded  in  cross- 
ing the  island  from  its  northern  to  its  southern  coast.  This  is  a  journey 
of  only  fourteen  miles,  but  it  takes  at  least  three  or  four  days.  The 
three  islands,  Kayama-jima,  Kobania-jima  and  Taketomi-jima,  lying 
between  Iriomote-jima  and  Ishigaki-jima.  lia\ c  Palaeozoic  sediments  in 
the  interior  and  make  the  ccjnnecting  link  between  these  tvro  lai-ge 
islands. 

Pabi'ozoic  Rocks  ()f  Js]ii<jaki-jiiii((.  This  island  trending  in  a  ?s  K 
direction,  shows  two  very  narrow  isthnuises  of  recent  formation  in  its 
northern  part.  Also  the  western  peninsula  (15  in  PI  ITI)  is  connected 
by  a  plateau  of  raised  reefs  Avith  the  juain  Ixxly  (A)  of  the  island. 
Thus  the  island,  at  the  time  of  the  formation  of  the  ancient  reefs,  was 
probably  four  separate  islets,  A,  P>,  (■  and  1).  ('la\'  slate,  sandstone, 
and  pyroxenite  or  amphibolite  are  found  in  P>,  C,  D  and  in  the  eastern 
part  of  A.     Compact  quartzite,  with  v(^ry  thin  intercalations   of  other 
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Palieozoic  rocks,  is  exposed  in  the  central  -and  western  part  of  A,  and 
shows  a  characteristic  distributioii  in   cîontrast  with  them.     Thoujrh 

a 

the  Palaeozoic  frequently  shows  various  distortions  by  the  eruption  of 
igneous  rocks,  yet  there  exists  a  certain  regularity  of  inclination.  The 
part  C  is  made  up  of  Paheozoic  hills  with  a  belt  (jf  reefs  on  the  eastern 
nnd  western  cc^asts.  The  rocks  at  the  northern  end  are  chiefly 
pyroxene  or  anipliibole  rocks.  Ffiji-banare,  which  is  a  rock  in  the 
sea  to  the  north  of  C,  is  composed  also  (jf  tliese  sediments  with  inter- 
vening thin  layers  of  slate.  They  show  a  dip  the  same  as  that  on 
the  opposite  coast,  namely  o5° — 55°  to  8W  'or  »S  and  a  strike  from 
X  70°W  t(j  E^ — -W.  AVhen  we  trace  the  Palaeozoic  rocks  of  the  eastern 
coast  of  C,  beginning  from  the  northern  end,  we  üiid  numerous  distort- 
ions of  strata  until  we  reach  Yasura.  The  followino-  shows  the 
measurements  of  strikes  and  dips  counted  soutliwards  from  the  place 
where  a  liparite  dyke  and  a  propylite  sheet  are  found: 

E-_\V     S70°, N'20^E  NW3U^  N50°E  NW40', 

N35°E     NW3Q°,           N— S  W20°,  NOO'^W  SW20=, 

£— W     S85^, N40°W  SW30°,  N--S  W20°, 

N40°— 4o=W  SW30^ 

The  pyroxenite  with  some  ([uartzosc  sandstone  is  greatly 
distorted,  but  as  a  whole  shows  a  regular  inclination.  Rocks  exposed 
between  Ya.sura  and  Hirakul)o  are  chiefly  pyroxenite  with  the  strike 
N30°— 50°W  and  the  <lip  SW  l>0'— 30°.  On  the  road  from  Yasura 
to  the  southern  end  of  C,  the  dip  is  constant  as  is  shown  in  the 
following  list,  no  fault  being  observed: 

N  30^W     SW  40°,  N  20°W     SW  25°,         N  3U°W    8W  15°, 

N  50°W     SW  20°,  N  30°W     SW  20°,         E^W       S     20°. 

We  meet  about  midway  on  this  road  a  liparite  stock,  in  contact 
with  Palaeozoic  rocks,   with  however  no  trace  oï  disturbance.     Thus 
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their  present  inclination  seems  to  be  due  to  n  pressure  exerted  long 
after  the  eruption  of  the  stock.  Therefore  the  part  (  ',  though  much 
disturbed  in  its  northern  part,  still  shows  the  constant  dip  of  the 
Palteozoic  sediments,  namely  20° — 40°  to  S  or  S\V  and  the  strike  from 
E — AV  to  X20°W.  This  strike  is  apparently  transverse  to  tlie  longer 
axis  of  Ishigaki-jima. 

The  part  D  lying  on  the  south  of  (J  lias  hills  of  PalaMjzoic  sedi- 
ments surrounded  by  a  plateau  of  raised  reefs  which  ;nv  now  almost 
entirely  eroded  on  the  eastern  coast.  The  l*aheozoic  consists  of 
pyroxenite  or  amphibolite  with  small  layers  of  clay  slate  and  quartzose 
sandstone.  They  are  very  regularly  inclined,  with  no  signs  of  fault- 
ing or  folding.  The  following  measurements  luive  been  made  on  the 
rocks  of  the  eastern  coast  beginning  from  the  north: 

E— W         S  30°,  E  30°\\'     SW  30  \  N  5()'\\     8W  60\ 

N  50°W     SW40°,         N  40°\V     SW  50\  N  45°W     SW  60=, 

On  the  mainland  A,  pyroxenite  or  amphibolite,  as  well  as  clay 
slate  and  quartzose  sandstone  are  limited  to  the  eastern  part,  while 
larcre  districts  of  igfneous  rocks  and  compact  quartzite  are  observed  on 
the  west.  Pyroxenite  is  comm<jn.  Quartzose  sandstone,  clay  slate, 
and  alternations  of  chiy  slate  and  quartzite  are  also  not  rare.  The 
inclination  of  these  rocks  is  quite  constant.  1  measured,  in  the  north- 
western part,  the  strike  X40°— 50°W  and  the  dip  XE  20^-60=.  Even 
the  small  coast  exposure  of  Pala30zoic  sediments,  lying  very  close  to 
the  east  of  the  Xosoko  volcano,  has  the  strike  X  oO°AV  and  the  di]) 
XEio".  Also  the  southern  Paleozoic  regions  have  the  strike  X20° — 
70°W  and  the  dip  XE  20° — 30°;  the  most  common  measurement  is 
X40°\Y,  XE25°.  Thus  the  Palaeozoic  rocks  of  A,  except  the  compact 
quartzite,  have  dips  quite  opposite  to  those  of  C  and  D,  though  the 
strike  remains  the  same.  This  is  perhaps  due  t(.)  the  great  andésite 
eruption  of  the  Xosoko  volcano. 
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In  the  part  15.  pyroxeiiite  with  some  alternations  of  clay  slate  and 
quartzose  sandstone  compose  the  l^alteozoic  area.  Tracing  the  strata 
of  the  southern  coast  from  east  to  west,  I  made  the  following  measare- 
nu'iits  : 

m(r\\     8W30°, N40°W     SW35°,  N— S     W30°, 

N20°\V     SW25°,  N35°W     SW20°,  N— S     W10°. 

Thu^  the  inclination  of  rocks  is  quite  similar  to  those  in  C  and  D, 
and  in  <'(jntrast  to  A.  On  the  north-west  of  Kabira,  a  little  Palaeozoic 
exposure  pierced  by  andésite,  is  also  inclined  towards  the  west. 

Compact  quartzite  is  found  on  the  mainland  A  and  extends  from 
the  southern  foot  of  Omoto-dake  to  the  neighborhood  of  Nagura  and 
Shikamura.  The  same  rock  is  also  exposed  along  the  sea  coast  from 
Xaffura  t<3  Sakieda.  Near  Sakieda  there  is  onlv  an  alternation  of 
sandstone  and  compact  quartzite  ;  and  finally  we  find  only  sandstone 
at  tlie  northern  end  of  the  quartzite  region.  The  strike  of  rocks  in  the 
former  region  is  almost  always  E-W,  but  sometimes  nearly  N60°E  to 
NTO'^W.  The  dip,  which  is  generally  constant,  is  very  steep;  the 
strata  being  sometimes  vertical,  and  sometimes  inclined  to  îsT  or  S 
with  an  angle  of  GO''  or  70°,  but  never  less  than  40°.  In  the  eastern 
part  of  this  region,  a  thin  layer  of  chiy  slate  is  found  in  compact 
quartzite,  and  has  the  strike  E-W  and  the  dip  870°.  The  Banna  hill, 
which  lies  on  the  north  of  Shikamura,  is  composed  of  an  alternation  of 
clay  slate  and  compact  quartzite  with  the  strike  ]S[50°W  and  the  dip 
NE  35°.  Kocks  on  the  coast  between  Nagura  and  Sakieda  are  in 
direct  contact  with  granite  which  has  disturbed  their  layers.  The 
following  di]is  and  strikes  have  been  m.easured  northwards  from 
Nagura  : 

N  40°W  NE  60°  Compact  quartzite. 

N  6ü°W  NE  60° 

N  50°W  NE  20° 

N  80° W  NE  50° 


42 


ART. 


-S.  YOSHIWAßA 


E— \V 

N  3Ü° 

N-S 

N  10°-30-^ 

1^  70°E 

NW  40° 

(hauite. 

E— W 

vertical 

N70°E 

NW  50° 

E--\V 

NoO° 

N70°E 

NW  60° 

N  30°E 

NW  55° 

Slate  and  sandstone. 
Compact  qnartzite. 


Compact  qnavtzite. 


Alteniatious  of  compact  qnartzite  and  sandstone, 
andstone.  , 

Taliuozoic  limestone  found  at  Ishizoko  and  its  environs  has  the 
strike  E-W,  and  is  crystalline  being  identical  with  that  of  the  Üshima 
and  Okinawa  groups. 

There  are  three  small  islands  (Taketomi,  Kobama  and  Kayama) 
making  a  connecting  link  between  Ishigaki-jima  and  Iriomote-jima. 
The  eastern  island  Tahetomi-jiiita  is  a  flat  table-land;  its  northern  half 
is  compact  quartzite  with  .sandstone  and  clay  slate,  while  the  southern 
half  is  entirely  built  of  raised  reefs.  The  Paleozoic  rocks  have  the 
strike  E-AY,  X70°E  or  X80°E,  and  the  dip  N30°— 65°,  NW35°— 
40°,  just  as  on  the  opposite  coast  of  Ishigaki-jima. 

The  princi]jal  part  of  Kohama-jinm,  lying  on  the  north-west  of 
Taketomi-jima,  is  composed  of  Palaeozoic  pyroxenite,  sandstone  and 
clay  slate  with  the  same  strike  as  in  Taketomi-jima,  but  Avith  the  dip 

S  or  8W  '2{f-  40". 

The  smallest  island, 
Ka7jaiiia-jniia,  whose  tectonic 
condition  is  shown  in  Eig.  G, 
is  chiefly  composed  of 
pyroxenite  with  a  very  limit- 
ed occurrence  of  compact 
quartzite.     Ihese  are  inclined 

Fig.  6.-Goe]ogical  Map  of  KayauKV-ji.na.  ^O    SW    Only  On    the    WCStcm 
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corner;  in  other  parts  we  find  a  strike  E-AV,  and  a  dip  toward  the 
south. 

The  Palaeozoic  rocks  of  Inomote-jima  are  mostly  pyroxenite-like 
and  are  exposed  on  the  south  of  Takana,  and  show  various  distortions 
caused  by  andésite  stocks. 

Tertiary  Rocks  of  Ishigaki-jima.  Among  these  rocks  which  occupy 
very  large  areas  in  the  Yaeyaina  subgroup,  we  find  the  following 
in  Ishigaki-jima;  namely  fine-and  coarse-grained  brownish  sandstones, 
compact  quartzose  sandstone,  b'mestone  and  agglomerate  tutt',  all  ex- 
posed in  the  form  of  patches  rather  near  the  coast.  The  strata  are  elevat- 
ed hardly  more  than  a  hundred  feet,  except  in  the  case  of  the  tufaceous 
rocks.  The  most  northern  exposure  extends  from  the  north-western 
corner  of  Ibaruma  to  the  cape  called  Ishizaki  (Fig.  7).      A  continuation 


N40W 
SW20 

N50W 
SWIO 


lii'ownisli  tuff  with  no 
andésite  blocks. 


lomerate  tuff  with 
andésite  blocks. 


Diluvial  corjl  reefs. 


Alluvial  deposits- 


Fig  7. — Geological  Map  of  the  Ibiruma  Region. 
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of  tliis  'rcrtiîii-y  is  foinid  uiidcr  tlic  andésite  in  the  valleys  of  the 
Ohani-gawa  and  otlier  rivci's.  The  order  of  succession  of  the  Tertiary 
rocks  in  this  pai't.  ('()nntinii-  fi'oin  alxivc  downwards,  is  as  follows  : 

Aggloiueratc-tntt"  of  luiclosito.    witli    tliiii   layers  of  a  non-tnfaccons    sandstoiit', 

shale  and  a  tntt"  witliont  andésite  blocks, 
lirownisli  tuff  containing  no  blocks  of  andésite. 
Congloinerate  with  pebbles  of  Pabuozoie  sediments. 
Non-tnfaceons  sandstone. 
Limestone. 

Non-tufiiceoiis  sandstone. 
Limestone. 
Non-tnfaceons  sandstone. 

The  lowest  sandstone  lied  discordantly  overlies  the  Pakvozoic  rocks 
which  show  a  northerly  dii)  Avith  an  ano-le  of  35°.  The  agfo-lo- 
merate-tntf  encloses  laruc  blocks  of  andésite  which  are  from  the 
Nosoko  \olcano,  aiid  are  dejjosited  on  its  fringes  ;  and  covers  quite 
concordantiv  the  limestone  with  alternatino- sandstone.  The  latter  is 
the  same  as  that  in  Iriomote-iinia.  and  the  a sfoflomerate-tuff  contains 
thin  layers  of  this  sandst(3ne.  besides  shale  and  a  very  hard  quartzose 
sandstone.  Thus  the  above  mentioned  alternation  of  limestone  and 
sandstone  is  probably  similar  in  age  to  the  agglomerate- tuff,  which 
has  been  erupted  from  the  N^osoko  volcano.  This  tuff  is  not  only 
found  along  the  northei'Ji  side  of  the  volcano,  but  also  composes  the 
isolated  hills  near  Tamatori-zaki.  besides  being  exposed  in  small 
patches  in  the  neighborhood  of  Tnoda.  In  this  rock  there  are 
intercalated,  in  some  places,  thin  lavers  of  bluish  sandstone  which 
show  the  strike  NoO"  or  E-W,  and  the  dip  SAV  2(f-4o°  or  8  30°- 
45°.  Small  exposui-es  of  the  limestone,  together  wdth  Pahcozoic 
rocks,  are  foinnl  on  th<'  coast  near  Inoda.  A  little  to  the  south  of 
these  exposures,  then^  is  a  small  region  of  Tertiary  sediments  wdth 
andésite    in     contact,     which     forms    a    hill.       These  sediments   are 
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separated  from  the  limestone  by  Alluvial  sand  and  raised  reefs.  The 
entire  region  of  the  cape  î»^obara-zaki  is  of  Tertiär}^  rocks  showing  the 
following  order  of  superposition  :  — 

Bluish  sandstone. 
Tnff  without  andésite  blocks. 
Agglomerate-tutf  with  andésite  blocks. 
Brownish  tnfaceous  sandstone. 

All  the  rocks  Ivinir  on  the  northern  and  eastern  sides  (jf  this 
andésite  hill  show  the  dip  varying  from  S  AV  25°  to  S  30°,  with  the 
strike  from  N  60°  W  to  E-W.  Even  at  the  line  of  contact  with  the 
andésite,  there  is  no  marked  disturbance  of  bedding.  (Jn  the  south, 
limestone  exposures  along  the  (-oast  are  separated  from  these 
exposures  by  a  narrow  stripe  of  Alluvial  sand.  The  limestone  shows  a 
regular  southward  dip  with  an  angle  of  20",  and  consists  almost 
entirely  of  tlie  calcareous  algie,  identical  with  Liihoihamniwn  rosenbergii 
Martin*  from  the  miocène  of  TinK^]'.  ])esides  these  only  one  large 
Irregular  Echinoid  belonging  to  the  Spatanginae  has  been  collected. 
The  limestone  extends  more  than  a  thousand  feet  along  the  shore, 
and  is  covered  at  its  southern  extremity  by  sandstone  containing 
pebbles  of  Pala30zoic  sediments.  In  the  neighborhood  of  Karadake 
on  the  west  of  Tözato  and  Moriyama,  there  is  a  small  exposure  of 
sandstone  with  ])ebbles  of  Pakeozoic  sediments.  It  shows  a  dip 
31^  south  as  in  the  other  parts  of  Ishigaki-jima.  I'hick  beds  of 
limestone,  with  the  same  apjjearance  and  fossil  contents  as  those  above 
mentioned,  are  on  the  north  of  Miyara-mura.  I  found  here  two  thin 
intervening  layers  of  the  pebbly  sandstone,  which,  as  in  other  places 
in  the  island,  show  the  dip  2ô°-30°  SW  and  the  strike  X  50°  W. 
Sometimes    the    Tertiary    rocks   are,  in   dire«:;t  contact  with  andésite, 

*  Martin,  Die  versteinerungsfiihrenclen    Sedimente   Timor's.      Sainni.    (ha    (rcol.    Heichu — 
Museums  in  Leiden,  T  Serie,  I  Band,  1881. 
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probably  a  dyke  throug-li  the  Pakeozoic,  but  are  not  disturbed. 
Sometimes  the  Tertiary  sandstone  is  deposited  over  the  andésite. 
The  sandstone  in  two  small  regions,  namely  near  Ohama-mura,  and 
on  the  north-east  of  Shikamnra,  is  that  exposed  after  the  erosi(jn  of 
the  overlyirig  reefs  ;  and  shows  a  regular  dip  towards  the  south. 
That  exposed  near  Ohama-mura  contains  imperfect  casts  of  fossil 
leaves.  Another  exposure  of  limestone  in  \)  has  the  same  character 
and  same  inclination  (NoO°  W,  S  AV  40°)  as  those  in  the  other  parts. 
In  the  western  portion  of  15,  there  are  also  exposures  of  agglomerate- 
tulf  with  intercalations  of  sandstone  and  shale,  showing  the  strike 
varying  from  X  40°  W  to  X-S,  and  the  dip  nearly  westAvard  with 
an  an  "-le  10°-25°.  The  beddino-  of  the  rocks  has  not  been  modified 
by  the  andésite,  with  which  they  are  in  direct  contact  in  some  places. 

The  characteristics  of  the  Tertiary  of  Ishigaki-jima  consist  of  the 
deposition  of  agglomerate- tuff  near  andésite  masses,  and  of  limestone 
at  some  distance  from  the  andésite  ;  the  andésite  showing  no  iniluence 
upon  the  bedding  of  the  other  two  rocks.  Except  on  the  western 
side  of  the  Yarabu  peninsuhi,  the  various  Tertiary  sediments  are  all 
regularly  inclined  southwards  with  the  strike  varying  from  N  50°  W 
to  E-W.  This  direction  of  inclination  is  moreover  general  in  the 
Palœozoic  sediments.  There  may  perhaps  have  taken  place  a  single 
great  folding,  after  the  deposition  of  the  Tertiary  rocks  and  the  con- 
temporaneous eruption  of  andésite.  The  single  limestone  bed  on  the 
fringe  of  the  island  noAV  appears  in  small  separate  tracks  always  with 
the  same  inclination. 

The  Tcrtianj  of  Kohaiiia-jiiiia,  which  is  found  only  in  its  south- 
eastern part,  consists  chiefly  of  fine-grained  brownish  sandstone  with 
thin  layers  of  conglomerate  containing  pebbles  of  Palaeozoic  rocks  ; 
besides  these  there  is  a  very  small  exposure  o?  LithotJuunniiim-lunestone, 
like  that  found  in  Ishigaki-jima.      I  found  also  a  thin  coal-bed  at  the 
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süatli-easterii  corner.  Inclination  is  variable,  but  generally  towards 
the  east  or  south.  Beginning  from  the  northern  end  of  the  Tertiary 
region  I  have  found  the  following  beddings: — N-S,  El0°-20'' ;  then 
lNr20°-50°  E,  8E  10°-25°  ;  and  lastly  E-W,  S  5°.  An  exceptional  dip 
towards  the  north-east  is  sometimes  found  in  small  exposure,  but 
there  are  no  westward  ones. 

The  Tertian/  of  Iriomote-jima.  This  island,  which  is  principally 
composed  of  Tertiary  rocks,  has  the  Palaeozoic  only  on  the  north- 
eastern corner,  besides  scattered  exposures  of  the  ancient  fringing 
reefs.  The  Tertiary  rocks  are  rather  regularly  inclined  and  are  never 
horizontal  ;  they  are  mostly  fine-grained,  bluish  or  brownish  sand- 
stones, the  Latter  of  which  often  shows  a  false  bedding.  Shale  is  some- 
times intercalated  in  these  rocks.  Coarse-grained  brownish  sandstone 
and  conglomerate  are  less  developed.  Several  coal-seams  are  found  in 
the  western  part,  each  dipping  towards  the  west,  and  with  a  strike 
nearly  N  N  E. 

The  uppermost  bed  of  the  Tertiary,  which  is  exposed  near  the 
western  coast,  is  a  calcareous  sandstone  with  fossil  shells.  The 
exposures  are  found  on  the  western  corner  of  Hoka-  (Soto-)  banare 
and  the  point  projecting  between  Urauchi-zaki  and  Unari-zaki.  The 
fine-grained  brownish  sandstone  is  found  between  the  calcareous 
sandstone  and  the  first  or  uppermost  coal-seum,  and  has  the  strike 
X  30°-50°  E  and  the  dip  N"  W  8°-l(r,  as  measured  in  Uchi-banare. 
This  first  coal-seam,  which  is  only  10  inches  thick,  is  exposed  on  a 
curved  line  running  from  the  south-eastern  corner  of  Hoka-banare 
toward  Uchi-banare.  The  second  seam  is  the  greatest  having  a 
thickness  of  3 — 4.5  ft.  in  Uchi-banare,  and  of  1  ft.  on  the  north  of 
Hoshidate  and  on  the  south  of  Unari-zaki.  Between  the  first  and 
second  seams  there  is  fine-grained  brownish  sandstone  with  a  little 
shale.    In  Uchi-banare,  the  Tertiary  rocks  show  the  strike  N  45^-60°  E 
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and    tilt'   (lij)  X  \V  10°-20°;   a   slight  change  of  bedding  is  observed 
on    the  nortli  of  Jloshidate,   where  Ave  find  them  X  30°-60''  E  and 
and  X'  W  5°-10°  respectively  on  tlie  north-western  edge  of  the  island. 
A  .small  strike-fault  in  Uchi-banare  has  i-aised  tlie  western  part  of  the 
island    about    forty    or    fifty    feet.       Tlie    tliii-d    seam   about    1  ft.  in 
thickness  is  exposed   on   the   main    island  at,   a    place   opposite   Uchi- 
banare,  then  on  the  south-east  of  Sonai,   on    tlic   north  of   llosliidate, 
on    both    banks    of    the    Urauchi-gawa    and    Hnaliy     on     the      \v(;st 
of    I  cbiirii.       At     the    first   mentioned   place    the    seam    has     been 
upheaved  bv  a    fault  lying   in    the   sea  betwn>en    Uelii-banare  and  the 
main  island.      Between  the  second    and    third    scams  there   is  chiefiy 
brownish  sandstone,  which  contains,    near   Sonai    and   on   the  Avest  of 
Uebaru,  bands  of  shale.      The  sandstone  shows  the  strike  X'  -)()'  E  and 
the    dip    X    W  5°-10°    near    Sonai.     The   measurement    is    however 
X^  40°  E  and  X^  W  10°  in  the  neighborhood  of  Aka-saki  on  the  south, 
and  from  X  40°  E  to  X-S  and  X  W   10'  to  W  -f  near  Hoshidate  on 
the  north.     Then  proceeding  towards   the   north,    I  measured  X"  20°- 
(iO°    E,    N    W    ô°-10°   on    the    north   bank  of  the  Urauchi-gawa  and 
X  80°-r)0°  E,  X  VV  10°   on  the   west   of  Uebaru.     The  fourth   seam, 
about    ()   inches   in   thickness,   is   exposed   on  the  upper  course  of  the 
Xakara-gaAva,    on    the   east   of  Sonai   and   on   the   south    of  Uebaru. 
Above  this  seam  there  is  also  found  chiefly  brownish  stuidstone  Avith 
the  usual    westward  dip.     Tlic  most  prevalent  bedding  is  X'  40°  E, 
X  W  oO°  in    the    upper    part    of   the    Nakara-gawa  ;    from    X"-S    to 
X  20°  E,  and  from  W5°  to  X  AV  10°,  on  both  banks  of  the  Urauchi- 
gawa.     I  have  found,  on  the  east  of  Sonai,  a  thin  limestone  layer  full 
of   Orbitoides,    together    Avith    a   few   remains  of   Litliothaiiinium    and 
Amphistegina.     The  fifth   seam    is   found  on   the  steep  mountain-side 
far  to  the  south-east  of  Uebaru.       The  strata  above  this  seam,  chiefiy 
of  sandstone,  shoAvs  N  30°  E  and  X^  W  10°  on  the  upper  course  «)f  the 
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Nakara-gnAVJi  ;  N-S,  W  5°-20°,  on  the  upper  part  of  the  Urauchi- 
iraM^a;  and  N  30°-.t0°  E,  X  W  15°  on  the  east  of  Uebaru.  At  a 
considerable  distance  from  this  seam,  two  other  coal-seams,  namely 
the  sixth  and  seventh  are  said  to  exist  near  the  summit  of  Goza-dake, 
the  highest  peak  in  this  island.  On  the  northern  part  of  the  island, 
the  beds  underlying  the  fifth  seam  show  the  same  inclination  as  above 
stated,  and  consist  of  sandstone  with  thin  layers  of  shale  and  conglo- 
merate. Their  general  strikes  and  dips,  observed  on  the  route  from 
the  east  of  Uebaru  to  Takana  are  as  follows.  Until  we  reach  Intaya 
we  find  sandstone  showing  the  strike  N  o(f-5if  E  and  the  dip 
N  W  o°-15°,  then  conglomerate  from  Intaya  to  Aka-banare,  and 
sandstone  with  shale  thence  tcj  Takann,  the  last  mentioned  rocks 
showing  the  strike  N  ■iO°-{]0°  E  and  the  dip  N  W  10°-15°,  except  in 
the  case  of  some  small  folds. 

Then  comin«'  to  the  east  coast,  we  find  on  the  north  of  Komi 
quite  different  rocks  with  other  inclinations.  These  are  agglomerate- 
tuff  with  andésite  blocks,  and  conglomerate  with  pebbles  of  Pahpozoic 
rocks.  They  are  inclined  t(j  8  or  S  W  10°-40°,  with  the  strike  E-W 
or  X  30°  W,  and  are  probably  of  the  same  age  as  the  agglomerate-tuff 
in  Ishigaki-jima.  K(jcks  found  a  little  to  the  south  of  Komi  are 
sandstone  with  a  little  shale  as  in  the  northern  and  western  parts  of 
Iriomote-jima.  On  the  route  thither  as  far  as  to  a  region  near 
Kuira-gawa,  the  inclination  of  the  rocks  is  not  as  regular  as  that 
already  mentioned  for  these  pai-ts.  Near  Komi  the  bedding  is 
variable,  being  sometimes  X  o()°  E,  N  VV  15°,  sometimes  N-S,  W  25°, 
in  other  cases  N  00°  E,  S  E  5.°  Thence  and  until  a  short  distance 
from  Nîdcama,  the  rocks  are  regularly  inclined  to  S  E  5°-30°,  with 
the  strike  N"  o()°-70°  E.  I  found  at  Nakama-zaki  a  thin  coal-seam, 
probably  the  lowest  in  the  island.  The  stratification  is  X  70°  W, 
S  W  30°  or  E-W,  S  30°  at  Xakama,   and  X  70°-80°  E,  8  E  20°-i0° 
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or  E-W,  S  30°  in  the  vicinity  of  Haomi.  Then  along  the  southern 
coast  from  Haemi  to  Kanokawa,  the  inclination  is  different.  After 
going  about  a  mile  to  the  west  of  Haemi,  the  rock  oljserved  is  a  fine- 
grained sandstone,  which  shows  various  inclinations,  until  finally  the 
dip  is  due  north.  After  this  point  and  until  Kanokawa  is  reached,  we 
find  the  strike  and  dip  X  70°-80°  E,  NW  5°-25°,  N  80°  W,  XE  20°, 
or  E-W,  X  30°.  From  Kanokawa  to  the  west  of  Ochimizu-zaki  where 
a  thin  coal-seam  occurs,  I  found  the  strike  to  be  nearly  the  same, 
viz.,  E-AV  and  the  dip  X  20.°  At  Ubiraishi  there  is  a  calcareous 
sandstone  with  fossil  shells,  closely  resembling  the  rock  on  the  north 
of  Urauchi.  Then  we  enter  the  northern  and  western  parts  of  a 
tongue  shaped  region  including  the  places  called  Yaeme-zaki,  Xohama, 
Sakiyama,  Amitori,  Funauke  and  Kuira-gawa.  Here  the  Tertiary 
rocks  are  very  much  disturbed,  the  dip  and  strike  never  remaining  con- 
stant even  for  a  short  distance;  the  coast  is  very  deeply  indented  as  is 
shown  in  the  plate.  All  these  are  perhaps  due  to  a  fault  along  the 
south-western  coast  of  the  islets  Uchi-banare  and  Hoka-banare.  In 
this  region,  which  consists  essentially  of  brownish  sandstone,  I  have 
found  four  thin  coal-seams  which  can  not  be  identified  with  those  in 
the  main  part  of  the  island.  The  first  seam  is  exposed  at  Xohama  ; 
the  second  runs  from  Sakiyama  to  the  south  of  Amitori  ;  the  third  is 
exposed  on  the  south  of  Amitori;  and  the  last  is  on  the  road  from 
Ubiraishi  to  Ochimizu-zaki.  In  the  brownish  sandstone  are  sometimes 
found  shale  beds  ;  a  calareous  shell-bearing  sandstone,  probably  a 
continuation  of  that  of  Ubiraishi,  is  seen  on  the  east  of  Funauke  and 
in  Saba-zaki. 

Though  the  whole  interior  is  almost  entirely  composed  of  Tertiary 
rocks,  they  contain  very  few  fossils.  Except  Litliothamnium  and 
Orbitoides  and  a  few  other  Foraminifera  found  in  the  limestone,  and 
some  indeterminable  shells  in  the  calcareous  sandstone,  I  have  found 
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only  the  large  Echinoids,  Echinodiscus  and  Astrichjpeus  in  the  sandstone 
of  Hoka-(Soto-)banare.  The  former  has  a  diameter  of  9  cm.  and  greatly 
resembles  E,  placenta  Duncan  and  Sladen  in  the  form  of  its  lunules. 
It  is  interesting  to  note,  that  I  found  the  same  species  in  the  Tertiary 
of  northern  Formosa,  which  contains  numerous  coal-seams  and  con- 
sists of  rocks  which  are  the  same  as  those  in  Iriomoto-jima.  The 
latter  genus  is  now  represented  by  one  living  species  A.  manni  A'erill. 
In  1899,  I  studied  the  Astriclijpeus  from  the  Tertiary  of  Mizuhomura, 
Prov.  Kai  (probably  Miocene),  and  named  them  A.  integer.  The 
specimens  from  Iriomote-jima  are  rather  ill-preserved,  yet  showing 
sufficient  characters  to  identify  them  with  the  same  species.  Moreover 
the  Tertiary  near  Mizuhomura  incloses  a  thin  limestone  with  Orhitoides 
very  closely  resembling  that  in  Iriomote-jima. 

The  Tertiary  of  Yonaguni-jima.  This  island  consisting  of  Tertiary 
rocks,  is  disposed  in  two  hilly  regions  separated  by  raised  reefs 
(Fig.  8.).     The  eastern  half  is  called  Urabu,  and  the  western  Kobura. 
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Fine  grained         Alternation    of   Compact  quartzose     Coral  reef.       Coal, 
sandstone-     shale  and  sandstone-       sandstone. 

Scale  1:100000. 
Fig.  8.— Geological  Map  of  Yonaguni-jima. 

Raised  reefs  are  also  observed  along  the  margin  of  the  hills,  especially 
on  the  western  and  northern  sides  (PL  Y.).  The  Urabu  region  is 
elongated  from  N  to  S,  but  Kobura  is  broad  in  shape.    Between  them, 
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there  probably  existed  a  fault  line  on  both  «ides  of  which  we  observe 
a  difference  in  petrography  and  tectonics.  The  western  half  is  com- 
posed entirely  of  brownish  sandstone  dipping  to  SE  l(f — 30°  with 
the  strike  N  30°  E.  I]ut  in  the  other  part,  brownish  sandstone  is  seen 
only  on  a  high  level,  and  under  it  .are  found  a  hard  Ijluish  sandstone, 
compact  quartzose  sandstone  and  shale  witli  a  thin  coal-seam.  Fossil 
plants  and  Echinoids  are  found  just  al)ove  the  coal-seam.  The  bedding 
of  these  rocks  is  X — 8,  E  20^.  TliouMi  the  island  is  elono'ated  from 
east  to  west,  yet  the  strike  of  rocks  is  not  ])arallel  to  the  longer  axis  of 
the  island,  but  is  really  perpendicular  to  it. 

Igneous  Roch  in  the  IWi/ania  Suhijroup.  Among  the  plutonics,  gra- 
nite, of  which  biotite-and  hornblende-granite  are  the  chief  varieties,  oc- 
cupies large  areas  in  Ishigaki-jima,  forming  elevation  of  ICxSO  ft.  It 
has  pierced  compact  quartzite  on  the  south  ;ind  west,  and  other 
Palœozoic  sediment  on  the  east.  Olivine-diorite  is  found  in  the 
granitic  region  on  the  south  of  Omoto-dake,  their  mutual  relations 
being  still  unknown,  besides,  in  Uchino-mura  in  the  northern  part 
of  the  part  D,  there  are  small  exposures  of  diabase  and  quartz-por- 
phyry. In  the  part  C,  a  liparite  dyke  is  found  in  the  north-east,  and 
a  liparite  stock  in  the  south-east,  1)otli  of  wliich  i-un  fnjm  XE  to  SAV. 
Andésite  is  predominant  in  Ishigaki-jima.  Pyroxene-andesite  is  the 
principal  lava  from  the  Xosoko  volcano,  and  extends  even  to  the 
north-west  and  north-east  of  Ibaruma.  Around  the  volcano  wc  find 
agglomerate-tuft'  with  angidar  blocks  (jf  andésite.  The  volcano  is 
much  eroded,  showing  no  trace  of  its  original  form.  Its  highest  part, 
Xosoko-màhë,  has  an  elevation  of  i)51  ft.,  and  foi-ms  a  sharp  point 
standing  out  prominently  from  the  surrounding  hills  (the  remains  of 
the  Xosoko  volcano),  which  again  descend  by  perpendicular  clift's  to 
the  plateau  on  their  northern  side  (Fig.  !)).  The  two  independent  vol- 
canic masses  in  the  wx\st  of  Xobara-zaki   as  well  as  in  the  ])art  B  con- 


GEOLOGIC  STFJUCTURE  OF  THE  RIUKIU  CURVE. 


53 


^^^^^jjjj^^ 


S:3raiyi.iii:i, ,f  ,,,1| 


Pig.  9.__Vie\v  of  Nosoko  volcano  seen  from  Nosoko-zaki  on  the  west. 

sist  of  pyroxeiie-aiidesite.  Stocks  of  the  same  rock  are  found  on  the 
north  of  Xosoko,  in  the  south- western  part  of  C  and  the  north-west  of 
Kabira,  and  extend  from  NE  to  SW.  I  found  two  dykes  of  pyroxene- 
andesite  on  the  nortli  of  Miyara  and  another  on  the  south  of  Omoto- 
dake.  Dykes  and  stocks  of  the  same  rock  are  also  found  in  the  south- 
western and  north-eastern  corners  of  Kobatna-jima  and  in  the  nortli- 
eastern  corner  of  Iriomote-jinia.  Propylite  sheet  is  exposed  on  the 
coast,  north  (^f  Yasura  in  Ishigaki-jima. 

The  andésites  of  tlie  Yaeyama  subgroup  pierce  through  the 
Palaeozoic  sediments  Ijut  not  throu2;h  the  Tertiary.  Thouo^h  some 
places  in  Ishigaki-jima  show  the  Tertiary  rocks  in  contact  with  the 
andésite,  vet  there  is  no  contact  chan^'e  nor  tectonic  disturbance  in  the 
former.  The  ao-o-lomerate-tutf  (^f  andésite  alternates  with  thin  non- 
tufaceous  sediments.  This  shows  that  the  deposition  of  the  Tertiary 
rocks  of  Ishigaki-jima  took  place  either  contemporary  Avith,  or  else 
immediately  before  or  after  the  andésite  eruption.  The  regular  bedding 
of  the  Tertiary,  as  well  as  that  of  the  PaUcozoic  sediments  of  Ishigaki- 
jima  is  characteristic,  showing  a  single  folding  pressure  after  the 
eruption  of  the  volcanic  rocks,  in  contrast  with  the  Tertiary  of  Ishi- 
gaki-jima, that  of  I  ricmiote-jima  has  a  very  great  thickness,  contains 
several  coal-seams,  and  is  generally  inclined  to  KW  in  the  western, 
but   not  in   the   eastern   part.     Although  this  Tertiary  is  doubtless  a 
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continuation  of  that  of  Formosa,  as  is  explained  hereafter,  the  strike 
of  the  western  part  thus  differs  from  that  of  the  latter  region  which  is 
E — W.  This  is  probahly  due  to  a  fault  running  X — S,  which  direc- 
tion is  also  taken  by  a  line  of  andésite  eruption  in  Ishigaki-jima.  The 
strike  of  rocks  in  Yonaguni-jima  again  shows  the  existence  of  a  fiiult 
of  the  same  direction  running  through  its  central  portion.  Previous 
observers  have  assumed  a  great  fault  line  parallel  to  it  on  the  eastern 
side  of  Formosa.  These  lines  of  weakness  all  running;  X — S  were 
probably  caused  by  a  pressure  independent  of  that  which  folded  the 
Riukiu  Curve,  and  it  is  also  probable  that  the  former  pressure  preced- 
ed the  latter.  The  "  Mayon  system"  of  Prof.  Koto*  will  perhaps 
show  some  relation  to  these  lines. 

VI.  UNINHABITED  ISLANDS  IN  RIUKIU. 

Under  this  heading  will  be  treated  the  lîorodino  and  Pinnacle 
groups,  both  lying  at  a  considerable  distance  from  the  other  islands 
in  the  Riukiu  Curve. 

The  very  small  islets  scattered  at  a  distance  of  about  155  miles 
to  the  south-east  of  the  southern  point  of  Okinawa-jima,  and  forming 
the  Borodino  Group,  are  named  Rasa,  South  l>orodino  (Minami-öagari) 
and  North  l^orodino  (Kita-ôagari).  The  first  is  in  lat.  24°  32'  30"  ¥ 
and  long.  131°  19'  E,  the  second  in  lat.  25°  55'  N  and  long.  131°  14' 
42"  E,  and  the  third  lies  about  6|  miles  to  the  north-east  of  the 
second.  Their  length  and  width  measure  respectively  2.5  and  1 
miles,  5  and  3  miles,  and  3  and  2  miles.  'They  are  all  composed  of 
raised  reefs  which  end  in  perpendicular  cliffs  on  the  shore. 

Other  small  islets  to  the  north-east  of  the   Yaeyama   subgroup, 

*    Kütn,  On  the  Geologic  Structure    of    the  Malayan  Archipelago— -/oi/r/j.    Coll.  Sei.  Imp. 
Univ.,  Tokyo,  Vol.  XI,  Part.  II,  1899. 
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form  the  Pinnacle  Group  und  are  nauied  Hou-pin-su  (Waheizuii), 
Chia-u-su  (Köbitö  or  Kuba-shima),  the  Pinnacles  and  Raleigh  (Sekibito 
orKume-aka-jima).  These  islands  have  been  visited  by  Messrs.  Miya- 
jima,  Kuroiwa  and  others. f  Hoa-pin-su,  the  largest  island  in  the 
group,  is  in  lat.  25°  47'  7"  X  and  long.  12:^  oO'  oO"  E,  at  a  distance 
of  90  miles  from  the  western  edge  of  Miyako-jima,  8<S  miles  from 
Hoka-banare  in  Iriomoto-jima,  and  100  miles  from  the  north-eastern 
coast  of  Formosa.  It  is  elongated  from  east  to  west,  and  is  4  miles 
long  and  3  miles  broad.  The  highest  peak  in  the  island  has  an  eleva- 
tion of  1180  ft.  above  the  sea-level.  The  oldest  rock  is  diorite,  found 
on  the  southern  coast.  The  greater  part  of  the  land  is  <jccupied  l3y 
Tertiary  sandstone,  which  is  inclined  to  the  north  at  an  ario-le  of 
10° — 20°,  and  becomes  more  coarse-grained  toward  its  upper  part, 
finally  passing  into  a  conglomerate.  A  thin  coal-seam  about  o  inches 
thick  is  found  in  the  lower  part.  Raised  reefs  are  found  <3n  the 
southern,  western  and  eastern  corners  of  tlie  island.  The  Binnacles 
lie  a  few  miles  to  the  north-east  of  Hoa-pin-su,  and  consist  of  several 
rocks  such  as  Kita-and  Minami-kojima  and  others,  which  are  chiefly 
Tertiary  sandstone.  The  sandstone  is  inclined  to  the  north  at  40°  on 
the  west  of  Minami-kojima.  Raised  reefs  are  also  found  on  these  two 
rocks,  especially  on  the  northern  side  of  Minami-kojima.  Chia-u-su 
lies  15  miles  north-east  of  Hoa-pin-su  (lat.  25°  58'  oO"  X  and  long. 
123°  40'  E),  and  is  about  2  miles  long  and  a  mile  wide.  The  highest 
point  measures  600  ft.  above  the  sea-level.  According  to  the  |3etro- 
graphical  examination  by  Prof.  Koto,  the  whole  interior  is  a  mass  of 
basalt.  The  Raleigh  rock,  situated  in  lat.  25°  55'  X  and  long.  124° 
34'  E,  lies  about  50  miles  to  the  east  of  the  above-mentioned   islands, 

t    The  China  Sea  Directory.     Vol.  III.,  1894. 

t    Miya-jima,  ^^1",^  (Köbitö) — llie  Journal  of  Geography,  Tokyo,  Vol.  XII.,  No.  144.,   1900. 
t    Kuroiwa,  ^^^iJê^iètE^  (Note  on  the  Pinnacle  Islands) — The  Journal  of  Geography, 
Tokyo,  Vol.  XII.,  No.  141,  1900. 
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jiiid  is  1]  inik'Ri  long  und  ;i  mile  wide.  T\n-  hiulicst  point  rises  270 
ft.  uljove  the  sea-level.  Mr.  Kiiroiwa  lias  found  the  island  to  Ije  of  an 
aofoflonierate-tiiff  of  andésite. 

Co 


VII.  UNINHABITED  ISLANDS   LYING  TO  THE  NOh'TH  oP  FORMOSA. 

There  are  three  islands  scattered  at  a  distance  from  '20  to  oO 
miles  north-east  of  Kelung  (Kiiriin)  in  Formosa.  The  most  southern 
is  called  Agincourt  (Hökwatö)  (lat.  25"38'X,  long.  \'2'2°5'i  E),  and 
has,  according  to  "the  China  Sea  Directory,"  a  round  summit,  540  ft. 
hio-h,  stretchinu'  out  into  liiiih  bold  headlands  on  the  north  and  south. 
All  the  eastern  side  is  very  steep,  tlie  western  is  less  so.  Pieces  of 
rocks  composing  the  island  lune  been  collected  and  sent  to  me  by  Mr. 
Osumi.  ]\y  the  determination  of  Prof.  Koto,  they  are  fjund  to  be 
hyperstheiie-basalt  and  hypersthene-andesite.  The  (Jrag  (Menkwatö) 
(lat.  25'  20'  X  and  long.  122°7'E)  lies  [)  miles  SSE  from  Agincourt; 
and  is,  according  to  Mr.  Saito,*  elongated  X^-S,  with  a  length  of  1640 
ft.  and  a  width  of  084  ft.  The  coast  generally  has  steep  cliffs.  The 
highest  point  is  in  the  eastern  part  of  the  island  and  readies  the  height 
of  ISO  ft.  al)ove  the  seadevel.  The  whole  island  is  entirely  composed 
of  neovolcanic  rocks.  The  volcanic  centre  is  now  invisible,  but  it  was 
probably  situated  on  the  east  of  the  highest  peak,  liasaltic  andésite 
was  first  ei'upted,  and  tVien  a  small  amount  of  volcanic  ash  and  breccia 
deposited  u])on  its  sheet.  Dykes  of  the  same  composition  were  finally 
erupted  througii  these  rocks.  The  southernmost  island,  the  Pinnacle 
(Kwaheitö),  lies  XE  bv  X  of  the  entrance  of  Kelung  harbour  and  at  a 
distance  of  19  miles  from  it.  that  is  in  lat.  25°2()'X  and  long.  121° 
57'E.     It  is  a  rugged  mass  of  rock,   170  ft.  high,  with  perpendicular 


*  SFli't'MAâ^âîRA  (Report  (.11  a  Trip  to  the  uuinhal.itecl  Islaiuls  lying-  off  the  Coast 
of  K'iirim,  liiuo.,  in  ■hipiDU-xc). 


GEOLOiilC  STRUCTURE  OF  THE  RIUKIU  CURVE.  57 

sides.  The  outline  is  rectangular  and  the  island  is  elevated  DS-l  ft. 
above  the  sea-level.  According  to  Mr.  Saitö  the  rock  of  this  island  is 
also  entirely  basaltic  andésite. 

PART  IV.— Geology  of  North  Formosa  and  its  Relation 
to  the  Riukiu  Islands. 

Xorth  Formosa  consists  of  Tertiary  sediments,  pierced  Ijy  andésite 
at  the  northern  end.  The  Tertiary  strata,  which  are  never  horizontal, 
are,  on  the  whole,  comparatively  regularly  folded.  According  to  Mr. 
R.  Yamashita  eight  parallel  series  of  coal-seams  are  exposed  in  this 
district. 

1st.,    (the   uppermost),     The  Kusshaku  series,    with    one    seam, 
running  through  Okutsu,  north  of  Kusshaku,  Chösökei  and 
Gyokö. 
2nd.,     The  Shinten  series,  with  t\V(3  seams,  running  thrcxigh  the 

west  of  Okutsu,  Shintengai,  Sekiteigai  and  Chösökei. 
ord.,     The    Keibi    series,    with    two    seams,     running    through 
Ökeikö,    Shösokö,    east    of   Keibigai,    Shinkogai,    Fushirin, 
Sekikan,  Sökei,  and  Banshikö,  and  south  of  Zuihö. 
4th.,     The  Shinkyakutei  series,  with  two  seams,  running  through 
Basozan,    Chöhö,    Reisuikö,   Gyühö,   N^anseikaku,    Jûgofun, 
Rokuchöri,   Sanchöri,  Xanközan,    Hakuhöshiko,   Goto,   Shi- 
kyakutei,  and  Shin-ö-kö  and  south  of  Hatto. 
5th.,     The  Denryökö  series,   with  huv  seams,  running  through 
Xaikoköko,    Parenkökö,    Hokukokö,     Yürakökö,    Köshinai, 
Sekikökö  (near  Kelung),  Denryökö  and  Hatto. 
6th.,     The  Gwaibokuzan  series,  with  two  seams,  running  through 
Xaikosankyaku  (north-west  of  Shakkö),  Jüshifun,  Rokuryö, 
Daiburon,  Daikanrin,  Xaibokuzan  and  Gwaibokuzan. 
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7tli.,  The  Kankyaku  série«,  with  two  seams,  running  through 
Kentan  (near  Taihoku),  Hasshirin  (PachinH),  Kankyaku  and 
l>asokukökei. 

<Sth.,  The  Intanshinai  series  witli  two  seams,  running  through 
Kirigan,  Sankakuhö,  fntanshi  (soutli  of  Kinpöri)  and 
llattoshi. 

Mr.  \  amashita  has  found  tw<j  anticlinal  and  three  synclinal 
foldings  in  the  eastern  part,  and  one  anticlinal  and  two  synclinals  in 
the  western  part.  All  their  axes  run  E-W,  but  most  of  them  can  not 
Ik;  traced  from  one  end  to  the  other  of  the  district  observed;  the  sole 
exception  being  a  synclinal  which  runs  through  the  south  of  Chösökei, 
the  north  of  Heirinbi  and  the  south  of  Shintengai.  The  Tertiary 
rocks,  on  the  north  of  this  ;ixis,  which  show  the  above  mentioned 
small  folds,  are  mostltj  inclined  to  the  south,  while  those  in  the  southern 
half  are  almost  always  inclined  to  the  north.  Besides  there  are,  in  the 
north,  all  of  the  seams;  but  in  the  south,  there  was  found  only  the 
uppermost  seam  near  the  synclinal  axis.  Though  the  greater  part  of 
the  region  in  the  south  is  now  difficult  to  traverse  on  account  of  the 
wildness  of  the  aborigines,  yet  it  is  probable  that  there  are  very  scanty 
coal-deposits  in  that  region.  In  the  north,  many  limestone  layers  and 
several  fossils  are  found.  In  the  south,  it  is  not  yet  reported  that 
limestone  exists,  and  fossils  are  moreover  very  rare.  Rocks  found  in 
th(;  north  are  mostly  shale  or  fine-grained  brownish  sandstone,  both 
being  shallow-sea  deposits.  In  the  south,  the  uppermost  strata  are 
brownish  shale,  in  which  nodules  are  more  abundant  towards  the  lower 
part,  which  is  irregularly  split  up  into  angular  fragments.  This  part, 
which  is  slate-like,  finally  passes  into  clay  slate  which  is  in  all 
exposures  conformable  with  the  shale.  The  annexed  figure  (Fig.  10) 
shows  a  profile,  found  in  the  northern  half  of  the  Tertiary  region. 
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In  these  rocks 
there  can  not  be 
distinguished  any 
particular  horizon 
either  by  fossil 
contents  or  by 
petrographical 
characters.  The 
limestones  which 
are  found  in  Ajukö, 
Shakokö,  Reisuikö, 
Yûra  and  between 
8  a  n  c  h  ô  r  i  and 
Shinkögai,  are 

mostly  more  than 
10  ft.  in  thickness, 
but  at  Yüra  they 
are  only  a  few  feet 
thick.  Lithotham- 
nium  rosenhergii 
Martin  predomi- 
nates as  in  the 
limestone  of  Ishi- 
gaki  -  jima.        I 


I.  Kusshaku  series, 
a)  Pecten  etc.  (Kyoryöho) 

y/y/yy-yvyy^/yyyM:-y/,y/^//y.yy-y//yMyC^^      b)  Jmpure  limestone  (Kyaryôho) 
c)  Ostrea  (KyOryöho) 

II.  Shinten  series. 


i  yy^>m',:yyy:,.  lyy/'/y?- 


yyyyyyyy,yyy,.,.'/^_ 


<^^'  yyyyyy^yifyyyyy,77!T/. 


d)  Ajukö  limeston. 

III.  Keibi  series. 

Limestones  near 

e)  Sanchôri,  in  ({)  Reisuikö,  and  (g)  Shakökö 

h)  Shells  (east  of  Hattoj 
V.    Shinkyakutei  series. 

i)Xenophoraetc-  (Kôkwan),  (j)  Pecten  (Kinkwaseki) 

V.  Denryökö  sérias. 


k)  Yora  limestone. 

1)  Elchinodiscus  etc.  ) 

m)  Pecten  >  Hatte 

n)  p;chino<3iscus.      > 

o)  Pecten  (near  Keelung). 

VI.  Gwaibokuzan  series. 


p)  ÏQra  limestone. 


VII.  Kankyaku  series. 

q)  Echinodiscus  (Pachinâ). 


VIII.  Intansliinai  series. 

r)  Macha  etc  (Daikökö-Iwözan). 


Fig.  10. — Profile  of  tlie  Tertiary  rocks  on  the  northern  side  of 

their  principal  synclinal  axis,  with  various  limestone 

and  coal  beds  and  fossil  horizons. 


found  in  the  Tertiary  rocks  in  several  places  in  this  northern  portion 
the  following  fossils,  which  were  partly  determined  by  W.  Newton  and 
R.  Holland*  and  partly  by  myself: 

*  Newton  and  Holland,  Notes  on  microscopic  Sections  of  Limestones  from  Formosa. — 
The  Joiirn.  Geol.  Soc.  Tokyo,  Vol  VII.,  No.  81,  1900. 

I  collected  peculiar  large  cone-shaped  fossils  from  Sekiteigai  and  Shakôkô.  Prof.  Koto 
sent  them  to  Dr.  R.B.  Newton  for  determination,  and  has  been  recently  informed  that  they 
belong  to  Cellepora  in  Bryozoa. 
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a)  Kyûryôho  (.sandstone):      reden    placunoiiles    Martin,    Ostrea 

sp.,  Area  a  sp.,  Area  (i  sp.,  Venvs  sp. 

b)  Ivyûryoho  (impure  limestone):      indeterminable  shells. 

c)  Kyüryöho  (sandstone):      Ostrea  sp. 

d)  AJLiko  (limestone):     indeterminable  shells. 

e)  Between  Sanchori  and  Shinkögai  (limestone):    Lithotliamnium 

rosenbergu  ]\Iartin,  Glohujerina  bulloides,  Bùjenerina  sp., 
Textilaria  sp.,  Orhitoidcs  verbeeh  Xew.  and  Hol.,  Heteroste- 
(jina  sp  ?,  Valvuliiia  sp  Î 

f)  Reisuiko    (limestone):       Lithothamnium     rosenbcnjii    Martin, 

Gijpsina  inhoerens  Schnitze  (?),  Linderina  sp  (?).,  Miliolina 
sp.,  Fecten  placiinoides  Martin,  Ostrea  sp..  Coral,  Echinoid. 

g)  Shakökö     (limestone):       Lithothamnium    rosenbergii    Martin, 

Gt/psina  inliocreus  Schnitze  (?),   Gypsina  sp.,  Linderina   sp., 

Textilaria  sp.,   Micheliniana  sp.,  Sponge,  Coral,    Echinoid, 

Fecten  placuiioides  Martin,  Ostrea  sp. 
h)     East  of  Hat  to  (sandstone):      indeterminable  shells, 
i)      Kokwan    (shale):      Xenophora      sp.,    FianeUa    cJe<jans    ]\Iartin, 

Yoldia  sp. 
j)     Kinkwaseki  (sandstone):      Fecten  placunoides  Martin. 
k)      Yûra      (limestone):        Lithotliamnium      rosenbergii     Martin, 

Linderina  sp.,  Echinoid. 
1)      Hatto  (sandstone  and    shale):      Echinodicns  formosns   Yosh., 

Astriclypens  integer  Yosh.,  Dolinm  sp.,   ]'olnta  sp.,  Cerithium 

sp.,  Natica  sp.,  Dosinia   sp.,   Venus  sp.,   Fecten  placunoides 

Martin,  Area  sp. 
m)     Hatto  (calcareous  sandstone):    Fecten  placunoides  Martin, 
n)     Near  Hatto  (sandstone):     Echinodiscns  formosns  Yosh. 
o)     Near  Kelung  (sandstone):     Fecten  placunoides  Martin, 
p)     Yûra  (limestone):     Fecten  placunoides  Martin. 
q)      Pachinfi  (sandstone):      Echinodiscus  formosns  Yosh. 
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r)  Daikükö-iwözan  (sandstone):  Madia  sp.,  Area  sp.,  Coral. 
In  the  southern  half  of  the  island  I  have  found  a  tectonic  different 
from  that  in  the  northern  half.  In  the  eastern  part  of  the  former  we 
lind  a  shale  with  a  little  sandstone  as  at  the  southern  foot  of  Sörei. 
Then  toward  Taikeishö,  the  rock  is  found  to  be  chiefly  bluish  shale 
with  nodules.  Thence  to  Köfunshö,  it  show^s  a  fracture  with  spindle- 
shaped  fragments.  Ijluish  shale,  with  a  few  layers  of  quartzose 
sandstone  and  hard  sandstone,  is  then  exposed  on  the  south  of  Köfun- 
shö. In  this  shale,  whose  exposures  on  the  north  of  Giran  have  been 
described  by  Mr.  Ishii  as  "  Mesozoic  slate,"  I  have  collected  TelUna 
and  Schizaster  at  Fukutokkö.  The  latter  is  a  form  found  in  all  rocks 
from  Tertiary  to  Recent.  Thus  the  boundary  between  the  Tertiary 
and  older  rocks  must  l^e  found  to  the  south  of  lliran. 

The  o-eoloo-v  of  Xorth  Formosa  shows  a  connection  with  that  of 
the  Saki-shima  group.  (1)  Many  coal-seams  of  the  same  character  are 
common  to  both.  Though  they  are  less  in  number  and  thickness  in 
Iriomote-jima  (Saki-shima  group),  yet  they  are  all  found  in  the  same 
iine-grained  brownish  sandstone  in  Formosa  as  well  as  in  Saki-shima. 
Yonaguni-jima  lying  betw^een  Formosa  and  Iriomote-jima,  as  well  as 
Miyako-jima,  have  traces  of  the  same  coal-seams.  (2)  Though  fossils 
are  rather  scanty  in  both  regions,  I  found  in  Formosa  and  Iriomote- 
jima,  the  characteristic  Echinodicus  and  Jstnchjpcus  in  a  rock  lying 
between  the  coal-seams.  The  Echinoid  found  close  to  the  coal-seams 
in  Yonaguni-jima  is  probably  of  the  same  species.  (3)  The  typical 
species  of  Pecten  occurring  Avith  Echinodiscus  in  Formosa,  is  also 
abundantly  found  in  Miyako-jima.  (-1)  The  Tertiary  of  Formosa  has 
the  strike  E-W,  thus  the  strata  running  towards  the  Saki-shima 
group,  whose  western  part  is  opposite  to  Formosa,  are  entirely 
Tertiary. 

The  Echinodiscu.s  is  a  form  found  from  Miocene   to  Recent,   and 
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my  specimens  of  it  closely  resemble  E.  j)laee)Ua  Duncan  and  Sladen* 
from  the  Miocene  of  India.  lîiit  the  latter  species  has  broader  lunules 
running-  in  a  line  through  the  apical  system  to  the  tip  of  the  petals;  the 
petals  are  open  and  have  less  numerous  ambulacral  pores;  and  the  tip 
of  the  petal  is  very  distant  from  the  lunule.  Our  species  of  Echino- 
discus,  as  well  as  of  Astrid i/jieus  were  erroneously  described  by  Prof. 
Lebour  as  E.  hioculatua  Ag.  and  E.  bisperforatus  Leske.f  The  largest 
specimen  of  Echinodisciis  in  my  cc^llection  has  a  diameter  of  140mm. 
I  propose  for  it  the  new  specific  name  E.  formosus  with  the  following 
diagnose. 

Test  thin,  flat,  very  slightly  raised  dorsally;  broadly  ovoid; 
widest  posteriorly,  not  so  strongly  truncated  as  E.  hiocidatus  Ag. 
Apical  system  nearly  central,  madreporite  central,  polygonal;  four 
genital  pores  exsisting  in  the  basal  plates.  Petals  nearly  closed; 
anterior  longest.  The  length,  breadth,  and  number  of  the  pores 
in  each  petal  in  a  specimen  of  about  100  mm.  diameter  are  as 
follows: 

Lengtli  of  Widtli  of  Number         Width  of 

petal.  petal.  of  pores,     poriferous  zone. 

mm.  mm.  nmi. 

Odd  ambulacnuu.  25.  11.5  75  4 

Anterior  paired  ambulacra.        22.5  11.5  67  4 

Posterior  paired  ambulacra.      22.5  11.5  67  4 

Lunules  two,  one  in  each  posterior  ambulacral  space;  large  and 

elliptical;  13.5  mm.  in  length  and   9  mm.   in   width  in  the  same 

specimen;  these  becoming  more  elongated  in  the  older  specimens: 

larger  axis  of  lunule  making  about  30°  with  the  median  line  of 

the   ambulacrum.     Distance   from   the  tip  of  petal  to  the  lunule 

only  5  mm.    Peristome  central,  very  small;  groove  single  near 

peristome,  and  soon  bifurcating. 

*  M.  Duncan  and  W.P.  Sladen,  The  fossil  Echinoidea  from  the  Gâj  or  miocène  Series 
—Mem.  Gcol.  Survey.  India,  Ser.   XIV  ,  Vol.  I.  3.,  Fas.  V.  1885. 

t  G.Ä..  Labour,  Note  on  some  Fossils  from  North  Formosa.  &c. — Trans.  North  Eng.  Inst, 
of  Mining  and  Mechanical  Engineers.     Vol.  XXXIV.,  Part.  I..  1885. 
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Astridi/peus  integer  \  osh.,  found  with  Ecliiiiodiscus  in  Formosa 
and  Iriomote-jima  has  been  also  found  from  the  Miocene  Tertiary  near 
Mizuho-mura,  Prov.  Kai  in  Honshu.  Xear  this  place,  there  is  found 
a  limestone  filled  with  Orhitoides.  Nearly  similar  Orbitoides  were 
collected  by  me  in  greater  numbers  from  the  limestone  in  Iriomote- 
jima.  R.  Vi.  N"ewton  and  R.  Holland  have  mentionedf  that  the 
Litliotliamniiim  in  the  Tertiary  of  Formosa  belongs  to  the  same  species 
as  those  in  the  Miocene  of  Timor.  Thus  the  Tertiary  sediments  of  the 
Saki-shima  group  and  of  the  northern  part  of  Formosa  are  of  the  same 
horizon  belonofin»'  to  the  Miocene. 

According  to  earlier  investigations  by  many  geologists,  the  main 
part  of  Formosa,  consisting  of  slate,  granite.  Palaeozoic  limestone  and 
Archean  (  ?)  rocks,  is  surrounded  by  Tertiary  sediments  mainly  deve- 
loped on  the  north,  east  and  west  coasts.  The  limestone  and  granite 
are  no  doubt  the  same  as  those  in  the  Riukiu  Curve.  I  found  also 
many  blocks  of  pyroxenite-like  rocks  from  the  neighborhood  of  Giran 
in  Formosa.  The  grenter  part  of  Formosa  is  of  clay  slate,  whose  age 
is  still  unknown,  but  may  be  regarded  as  Mesozoic  and  Palaeozoic. 
No  indisputably  Mesozoic  rocks  have  yet  been  discovered  in  the 
island. 

PART  v.— Conclusion. 

The  Riukiu  Curve  consists  of  a  number  of  islands,  forming;  a  Ions: 
arc  between  Kyûshù  and  Formosa.  The  difference  in  longitude  of  the 
two  extremities  of  this  arc  is  about  twice  that  measured  in  Kyushu, 
while  the  difference  of  latitude  is  thrice  that  in  Kyushu.  The  sedi- 
mentary rocks  in  the  Curve  are  never  horizontal,   showing  usually   a 

t  Newton  and  Holland,  Note  on  microscopic  Sections  of  Limestones  from  Formosa,  &c. — 
Jour.  Geol.  Soc.  Tokyo.,  Vol.  VII.,  No.  81,  1900. 
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regular  inclination,  and  are  limited  to  definite  zones.  The  raised  reefs, 
which  are  found  in  various  districts,  are  however  quite  horizontal. 
Only  the  Tertiary  rocks  in  the  northern  half  are  rather  irregularly 
inclined,  sometimes  being  horizontal.  The  principal  rocks  of  the 
Curve  are  the  Palœozoic,  in  which  limestone  and  compact  quartzite 
show  the  occurrence  different  from  slate,  sandstone,  and  pyroxenite  or 
amphibolite.  The  latter  series  of  rocks  are  found  in  a  zone  running 
through  Osliima,  Tokuno-shima,  Okinoerabu-jima  Yoron-jima,  Oki- 
nawa-jima,  the  Kerama  subgroup,  Ishigaki-jima  and  Iriomote-jima. 
'l.'he  former  are  found  on  the  western  side,  namely  in  the  western  part 
of  Oshima,  the  Iheya  subgroup,  the  tongue-shaped  western  region  of 
Okinawa-jima,  in  its  dependent  isles,  le,  Sesoko,  Yagaji  and  Kouri, 
besides  in  Ishigaki-jima  and  Taketomi-jima.  l^oth  series  are  all 
regularly  inclined.  Thus  in  Oshima  and  Okinawa-jima,  they  have  the 
strike  parallel  to  the  length  of  the  island  and  the  dip  toward  the  west. 
Ill  Tokuno-shima,  Okinoerabu-jima  and  others,  we  find  either  the  same 
strike  of  rocks  or  the  longer  axis  of  the  island  parallel  to  the  Riukiu 
Curve.  T'he  islands  of  the  Iheya  subgroup  are  arranged  parallel  to 
the  Curve.  Though  the  rocks  in  the  Yaeyama  subgroup  have  been 
partly  disturbed  by  volcanic  eruptions,  yet  they  show  on  the  whole 
regular  dips.  A  continuation  of  the  above  mentioned  Palœozoic  rocks 
is  also  found  in  Formosa,  in  the  interior  of  which  slate  prevails  and 
otlicr  rcjrks  are  of  limited  occurrence.  The  above-mentioned  systems 
of  rocks  belong  to  the  so-called  median  roir  of  islands  in  the  Riukiu 
Curve. 

r]ru])ted  through  tliese  rocks,  there  are  various  Pre-tertiary 
igneous  rocks,  the  chief  of  which  are  granite  and  diorite,  found  in 
\  aku-shinia,  Oshima,  Tokuno-shima,  Ishigaki-jima  and  Hoa-pin-su. 
Similar  granite  is  found  near  Giraii  in  Formosa,  and  in  the  south- 
eastern part  of  Kyushu. 
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The  formation  of  the  Curve  has  been  explained  by  Prof.  Koto,  as 
due  to  the  depressions  of  the  Tung-hai  ("East  Sea"  of  China),  which 
took  place  mostly  in  the  Tertiary  period.  Thus  the  greiiter  part  of 
the  Palaeozoic  rocks  in  the  above  mentioned  islands  is  inclined  to  the 
west.  Sometimes  the  strike  of  the  beds,  and  sometimes  the  longer 
axes  of  islands,  are  parallel  to  the  direction  of  the  Curve.  The  fissm*e 
of  volcanic  eruptions,  which  is  continued  to  tiie  series  of  Kyùshù 
volcanoes,  such  as  Kiri-shima,  Sakura-jima  and  Kaimon,  is  found  on 
the  inner  side  of  the  sedimentary  zones  of  the  Riukiu  Curve,  and  is 
traceable  through  the  islands,  Take-shima,  Iwö-jima,  Kuro-shima^ 
Kuchinoerabu-jima  and  tlie  Tokara  group,  and  further  to  Tori-shima 
on  the  west  of  Tokuno-shima,  Aguni-jima  and  Kume-jima  in 
Okinawa  (PI.  II).  The  probable  south-western  prolongation  of  this 
o-reat  fissure  is  throuo'h  the  uninhabited  islands  on  the  north-east  of 
Formosa,  through  Daitou-zan  in  the  same  island  and  the  Hôko  group 
(Pescadores).  The  volcanic  rocks  in  Ishigaki-jima  have  an  aspect 
diiferent  from  those  in  this  line  of  eruption  and  may  perhaps  be 
continuous  with  those  in  tlie  s<juthern  Pacific  Ocean.  There  must  be 
some  fissures,  running  from  south  to  north,  in  the  sea  between  For- 
mosa and  the  Saki-shima  group.  The}'  were  probably  caused  by  a 
pressure  independent  ofthat  which  folded  the  Riukiu  Curve;  and  the 
volcanic  rocks  in  the  Yaeyama  subgroup  and  those  of  the  other  islands 
in  the  Curve  may  belong  to  ditferent  periods,  the  former  being  older. 
The  thick  beds  of  Iriomote-jima  were  probably  raised  by  a  volcanic 
eruption  in  the  Yaeyama  subgroup.  Limestone  and  sandstone,  of  the 
same  age  as  this  eruption,  have  been  deposited  in  Ishigaki-jima,  alter- 
nating with  agglomerate-tuff.  In  Ishigaki-jima,  the  Tertiary  as  well 
as  the  Palœozoic  rocks  have  not  been  disturbed  by  volcanic  action, 
and  remain  equally  inclined  in  the  same  direction  with  the  strike 
nearly  E-W,  the  direction  of  which  doen  not  coincide  to  the  longer 
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axis  of  the  ishind.  Tlie  arrangement  of  i.slands  in  the  subgrouj)  nnd 
their  stratification  of  rocks  are  probably  diu;  to  tlic  last  folding  of  the 
Riukiii  Curve. 

The  outer  sedimentary  zone  of  the  Jiiukiu  Curve  is  made  up  of 
Tertiary  sediments,  and  extends  through  Tanega-shima,  Kikaiga- 
shima,  the  islands  lying  on  the  east  of  Okinawa,  and  the  southern  part 
of  Okinawa-jima.  Some  islands  are  elongated  from  north  to  south, 
and  Tanega-shima,  Kikaiga-shima  and  others  have  the  strike  of  rocks 
coinciding  with  the  direction  of  the  Curve.  Comparing  the  character 
and  stratification  of  the  Tertiary  of  the  iihove  regions  on  the  one  hand, 
with  those  of  Formosa  and  the  Yaeyama  subgroup  on  the  other,  I  have 
found  the  following  differences.  (1)  The  rocks  are,  in  the  former, 
loose  sandy  shale,  without  any  hard  rocks  or  limestones  such  as  are 
found  in  the  latter.  (2)  There  are,  in  the  former,  very  small  fossils, 
mostly  of  existing  forms,  in  contrast  with  those  in  the  latter.  (3) 
There  are  brown- coal  seams  in  the  latter,  while  in  the  former  we  find 
lately  appearing  remains  of  wood  in  Okinawa-jima  and  a  few  other 
islands.  (4)  The  rocks  in  the  former  are  very  irregularly  inclined, 
and  sometimes  are  quite  horizontal  as  in  some  places  in  Okinawa-jima. 
Thus  the  Tertiary  of  the  northern  half  of  the  Riukiu  Curve  is  proba- 
bry  later  than  that  of  the  southern  half  which  belongs  to  Miocene. 
In  this  curve  the  deposits  later  than  the  Tertiaries  are  only  the  raised 
coral  reefs,  with  Recent  coral-reefs,  sand  &c.  As  mentioned  in  my 
"note  on  the  raised  coral  reefs  in  the  Riukiu  Curve"  (1901),  the 
raised  reefs  are  horizontally  bedded,  but  quite  irregularly  distributed, 
thus  showing  that  the  folding  of  the  Curve  had  taken  place  before 
the  building  of  the  reefs.  The  distinct  zones  of  rocks,  (namely,  the 
inner  neovolcanic,  the  median  Palœozoic,  and  the  outer  Tertiary,) 
coincide  with  those  in  the  Peninsula  of  Malacca,  the  Andaman  Isles 
and  the  Nicobar  Isles  in  the  Indian  Ocean,  with  the  Banda  Isles,  in 
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the  East  Indies,  and  with  the  Lesser  Antilles  in  the  W^est  Indies. 
Though  our  islands  have  been  only  slightly  disturbed  by  volcnnie 
action  in  the  southern  part,  yet  they  show  the  type  of  folded  moun- 
tain with  parallel  structure,  as  already  treated  in  the  preliminary  note 
of  Prof.  Koto,  and  ascertained  by  my  own  observations  in  nearly 
all  the  islands  of  the  interesting  Kiukiu  Curve. 

March  1901. 
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Plate  I. 
Geological  Map  of  the  Öshima  Group. 

Scale  1  :  300.000. 
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Plate  II. 
Map  of  the  Riukin  Curve. 

Scale  1 :  3.000.000. 

Geological  Map  of  the  Okinawa  Group  (excluding   the   Kerama  and  Iheya 
Subgroups,  Kume-jiraa,  Tonaki-jinia,  Aguni-jima,  and  Tori-shima  ) 

Scale  1 :  200.000. 
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Plate  III. 
Geological  Map  of  the  Yaeyaraa  Subgroup  (excluding  Yonaguni-jima.) 

Scale  1:  200.000. 
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Plate  IV. 

Geological  Exposures  obseived  in  the  Motobu  Kegioii,  Okinawa-jima. 
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Plate  V. 

Fig.  1. — View  of  Ishigaki-jima,  seen  from  Taketomi-jima. 
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With   7  Plates. 

Introduction. 

During  these  five  years  spent  in  the  collection  of  Marine  Algae 
along  the  coast  of  northern  and  middle  Japan,  I  have  paid  special 
attention  to  the  family  Corallinaceae.  I  took  for  my  own  study 
the  subfamily  Corallinae  and  sent  the  specimens  of  Melobesiae  to 
Mr.  M.  Foslie  of  Xorway,  begging  his  collaboration  on  the  group. 
He  detected  among  them  a  dozen  species,  several  of  which  are  new  to 
science.  His  papers  based  on  the  study  of  this  material  have  been 
published  in  Det  Kgl.  Xorske  Videnskabers  Selskahs  Skripter^). 
In  the  Corallinae  I  examined  as  many  as  thirty  species,  which  are 
enumerated  in  the  present  work.  Lately  a  few  species  of  Corallinae 
have  been  sent  to  our  Institute  from  Loochoo  and  elsewhere  in  the 


1).     New  or  critical  Calcareous  Algae.  1899,  No.  5. 
Five  new  Calcareous  Algae.  1900,  No.  3. 
Revised  systematical  survey  of  the  Melobesiae.  1900,  No.  5. 
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southern  part  of  Japan,  but  they  nre  not  included  here,  being-  left  for 
future  publication. 

During  the  past  fifty  years,  the  Marine  Algae  of  Japan  have 
attracted  the  notice  of  several  European  botanists,  and  the  literature 
relating  to  them  is  not  inconsiderable.  Yet  the  calcareous  algae 
seem  to  have  been  neglected  by  these  collectors  and  investigators, 
only  a  few  species  being  mentioned  in  their  writings. 

Georg  von  Martens  enumerated^)  6  species  of  Corallinae  which 
were  collected  on  the  coast  of  Japan  and  its  vicinity.  Afterwards  a 
few  more  species  were  reported  from  Formosa  collected  by  Warburg 
and  determined  by  Heydrich^).  De  Toni  3),  Wildeman*),  and  others 
compiled  a  list  of  Algae  reported  from  Japan  and  Eastern  Asia, 
in  which  11  species  of  Corallinae  are  assigned  to  Japan. 

Among  these  11  species,  some  are  limited  to  Formosa  and 
Loochoo,  upon  which  I  do  not  touch  at  this  time,  and  of  others  it 
has  been  impossible  for  me  to  verify  the  existence.  Cheilosporum 
(Arthrocardia)  frondescens,  Corallina(?)  filicula,  and  Corallina 
officinalis  v.  mediterranea,  reported  by  Martens  to  have  been  collected 
at  Yokohama,  are  especially  doubtful  to  me.  When  we  set  these 
members  aside,  we  have  left  only  two  or  three  sj)ecics  which  I  feel 
justified  ill  incorporating  in  the  present  studies. 

The  figures  in  the  accompanying  plates  have  been  made  from 
sections  of  the  di-ied  materials,  if  not  otherwise  stated.  The  author 
found  Pereny's  fiuid  answers  best  for  the  decalcification  of  the 
material.  In  the  case  of  more  delicate  plants  acetic-sublimate  or 
Flemming's  fiuid    may   also    be    used.       For    staining   he   preferred 


1)  Preussische  Expedition  nach  Ostasien.  Tauge.  1866 — 1868. 

2)  Ueydrich  :     Beitrage    zur   Kenntuiss   der    Alicenflora    von    Ostasien.   Hedwigia,    Bd. 
XXXIII.  18'J4. 

3)  De  Toni  :     IMiyceae  Japonicae  Xovae.  1898. 

4)  Wildeuian  :     Prodrome  de  la  flore  Algologique  des  Indes  Xec'-landaises.  1897. 
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Bohmer's  Hematoxylin  for  20-40  minutes,  and  then  Fuchsin  (0.3  gr. 
in  100  cc.  bO%  ale.)  for  one  hour.  The  genicular  cells  and  spores 
stain  in  red,  and  the  cellwall  in  purple.  Decalcifying,  fixing  and 
staining  at  the  same  time  with  Schneider's  Aceto-carmin,  and 
afterwards  staining  the  section  with  Bohmer's  Hematoxylin  also 
answers  pretty  well. 

The  writer  wishes  to  express  his  hearty  thanks  to  Prof.  Dr.  J. 
Matsumura  under  whose  direction  he  executed  the  work  ;  also  to 
Mr.  M.  Foslie  who  generously  spared  him  the  specimens  which  he 
got  from  the  late  Prof.  Areschoug,  Le  Jollis  and  others  ;  and  to 
Dr.  K.  Okamura,  Prof.  Dr.  K.  Miyabe,  Major  Th.  Reinbold,  and 
Prof.  Dr.  M.  Miyoshi,  for  their  kind  gifts  of  specimens  and  for 
valuable  advice. 
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OORALLINAE  VERAE  JAPONICAE. 

Amiphiroa,  l.amx. 

1.    Amphiroa  valonioides,  sp.  nov. 

rj.  I.  %.  1—8  :    ri.  IV.  fig.  1. 

Fronde  pulvinato-caespitosa;  ramis  paucis,  patentibus,  lateralibus, 
pseudo-  sympodialibus  vel  irregulariter  dichotomis  ;  articulis  exacte 
cylindraceis,  equicrassis,  0.2-0.3  mm.  latis,  0.6-0.8  mm.  longis, 
apice  obtusis  ;  geniculis  superioribus  obsoletis,  inferioribus  articulorum 
diametrum  leqiiantibus  ;  conceptaculis  verrucœformibus. 

The  articuli  are  homogenecjnsly  cylindrical,  measuring  0.2-0.8 
mm.  in  diameter  and  0.6-0.8  mm.  in  length,  becoming  a  little  thicker 
and  shorter  toward  the  base.  l^ranches  are  few  in  number  and 
generally  proceed  laterally  from  the  top  of  an  articulus  without 
geniculum,  in  a  sympodial  manner. 

The  conceptacles  are  ellipsoidal  warty  protuberances,  often  cover- 
ing the  whole  surface  of  an  articulus.  The  genicula  are  very 
insignificant  especially  at  the  upper  portions,  owing  to  the  durability 
of  the  cortical  part  after  they  have  been  completed  (Pi.  I.  fig.  3). 

I  can  not  not  find  an}-  appropriate  description  referable  to  the 
present  plant,  although  it  has  some  resemblance  to  Amphiroa  setacea, 
Kütz  :  but  the  character  "  ramulis  oppositis  plerumque  tuberculatis 
patentibus  "  is  hardly  apphcable  to  our  plant. 

Found   in   the  sublittoral  reo^ion   at   the  coast  of  the  Prov.  of 
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lliiiga  in  tlu-  .suiiuiUT  of  11)00  ;      Al    ^Fisaki,   in   tlie  autumn   of  the 
same  year. 

2.    Amphiroa  rigida,  Lamx. 

V\.  I.  fig.   5-(i  :    I'l.  IV.  fig.  4. 

Amphiroa  rigida,  I.amx.  I'olyp.  Coral.  ]>.  297.  PI.  II.  fig.  I. 

Aresch  :     in  J.  Ag.  Spec.  Alg.  IL  p.  533. 

Zanard  :     Icon.  Phyc.  Adr.  III.  ]).  79.  T.  99.  B. 

Kiitz  :      Spec.  Alg.  p.  701. 

Id  :      Tab.  Phyc.  ^'III.  T.  42.  fig.  IV. 

Sol  m  s  :      Corail,  p.  (5. 

Hauck  :     Meeresalgen,  p.  27().  fig.  113. 
?  A.  lucida,  Lamx.  1.  c.  p.  297. 
A.  verruculosa,  Kütz.  Phyc.  Gen.  p.  387. 

Id  :      Spec.  Alg.  p.  700. 

Id  :      Lab.  Phyc.  VIII.  Laf.  39.  fig.  II. 

Sol  m  s  :      Corail,  p.  8. 
A.  (^ladoniïeformis,  Menegh.  Kiitz  :  Spec.  Alg.  p.  700. 

Id  :      Tab.  Phyc.  VIII.  T.  42. 
A.  spina,  Kiitz.  Phyc.  Gen.  p.  387. 

Id  :      Spec.  Alg.  p.  700. 

Id:      Tab.  Phyc.  VIII.  PI.  41.  fig.  1. 
A.  amethystina,  Zanard.  Kiitz  :  Spec.  Alg.  p.  700. 
A.  irregularis,  Kiitz.  Phyc.  Gen.  p.  389. 

Id  :      Spec.  Alg.  p.  700 

Id  :      'Lib.  Phyc.  VIII.  Taf.  41.  III. 
A.  inordinata,  Zanard  :      Icon.  Phyc.  Adr.  III.  79. 

Aresch  :     in  J.  Ag.  S])ec.  Alg.  ]).  542. 

Kiitz  :      S]3ec.  Alg.  p.  701. 


COKALIilN^:  YEUM  JAPONICiE.  7 

This  species,  common  in  the  Gulf  of  Naples,  is  rather  rare  in 
Japan  ;  being  restricted  to  the  southern  coast  of  KiushQ  Island  and 
hitherto  not  found  in  the  main  island  (Honshu)  :  in  the  low  side 
mark  and  below. 

3.    Amphiroa  cretacea,  Endl. 

PL  I.  fig.  4  :   PL  l\.  tig.  2. 

Fronde  lapidescente,  irregulariter  di-trichatome  ramosa,  superne 
attenuata  ;  ramis  ramulisque  divaricato-deflexis,  saepe  insignis  ; 
articulis  4-8  mm.  longis,  2-o  mm.  latis  ;  geniculis  sublineœformibus  ; 
conceptaculis  verrucaeformibus  prominentibus  diametro  0.8  mm. 

Corallina  cretacea,   Post,  et   Rupr.  111.   Alg.   ]).  2.  Taf.  XL. 

tig.  104. 
Amphiroa  cretacea,  Endl. 

Aresch  :     in  J.  Ag.  spec.  Alg.  II  p.  533. 
Kiitz  :     spec.  Alg.  p.  701. 
Id  :      Tab.  Phyc.  VIII.  Taf.  45. 
Harv  :      Ner.  Bor.  Amer.  p.  86. 
?  A.  californica,  J.  E.  Tilden.  Amer.  Alg.  TV.  no.  301. 

f.  rosariformis.  nov.  form.  PL  IV .  fio-.  3. 

o 

Ramis  longis,  sursum  attenuatis,  articulis  brevissimis  diametrum 
subtequantibus  rotundis. 

It  is  stout  and  robust  in  its  appearance  and  attains  the  height 
of  5-12  cm.  ;  the  colour  is  rosy  purple  while  living.  The  articuli  are 
thoroughly  cylindrical,  except  the  ramiferous  ones  which  are  sub- 
compressed  cuneate.  The  conceptacles  are  large,  measuring  0.8  mm. 
in  diameter. 

A  side  branch  is  often  found  prolonged  to  form  ;i  sort  of  fastening 
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disc,    by    which    it    attaclies!  to  a   pebble  or  a   rociv  as  sliowii   in   the 
photograph  (fig.  2).     Tliis  i.s  remarkal)le  in  tlie  case  of  /".  rosaril'onnis. 

A  dwarfed  form,  found  in  the  southern  limit  of  the  cold  current, 
is  very  similai-  in  its  appearance  to  the  well  grown  forms  of  Ampliroa 
rigida,  from  which,  however,  can  be  distinguished  bv  liaving  the 
large  conceptacles  and  the  rosy  purple  tint. 

This  plant  is  one  of  tlie  flora  of  the  cold  Siberian  current.  The 
ruri-ent  washes  the  whole  coast  of  Hokkaido  (Yesso)  and  runs  south- 
ward as  fai"  as  Ivinkwa-san  Island  in  the  ])rov.  of  Rikuzen.  So  also 
the  plant  is  distributed.  It  is  generally  found  deeper  than  2  feet 
below  the  low  tide  mark,  usually  where  a  few  other  plants  grow. 
Prov.  Rikuzen  :  Hakodate  :  Otaru  :  Rishiri  Island.  /".  rosarifornus  is 
hitherto  known  only  from  Kîiifu,  a  rocky  coast  in  the  western  side  of 
the  main  island  (Honshu). 

4.    Amphiroa  ephedraea,  (Lamk.)  Aresch. 

IM.  I.  fig.  7-10:    n.  IV.  fig.  5-8. 

Fronde  elata  regulariter  dichotoma,  flabellata,  sursum  attenuato- 
tereti  vel  compresso-subdilatata  ;  ramis  ramulis([ue  patentibus  ; 
articulis  inferioribus  brevioribus,  superioribus  diametro  oplo — 5plo 
longioribus  ;  geniculis  inferioribus  diametrum  subi\3(|uantibus,  superi- 
oribus brevioribus  ;  conceptaculis  numerosis. 

I'i.  fronde  inferne  tereti  vel  subtereti,  superne  sensim  compressa 
vel  subcomplanata. 

Corallinjj  ephedriea,  Lamk.  Mem.  Mus.  II.  p.  :^o8. 
Amphinja  ephednca,  Aresch.  b.  in  J.  Ag.  Spec.  Alg.  II.  p. 

534. 
A.  (  Jaillonii,  Lamx.      Rolyp.  Coral.  ]>.  ^^98.  t  XL  o. 
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Kiitz  :  Tab.  I^hyc.  VIII.  Taf.  47.  I. 
A.  Gnenzii,  Harv.     Ner.  Austr.  p.  95. 

Kiitz  :   Tab.  Phyc.  VIII.  Taf.  48.  I. 
A.  opbedra"'!!,    Lamx.   Soiidei-  :   in    Frag.    Phyt.    Austr.   XL 
8  up). 

y.  fronde  pulvinato-cae.spitosîi,  inferne  tereti  vel  subtereti, 
superne  snbattenuata  ;  jirticulis  cylindraceis,  iiltimis  mucronatis. 

Forma  ß  lias  its  articuli  cylindrical  at  tlie  lower  portions,  some- 
what compressed  irj  tlie  middle,  but  the  terminal  articuli  are  long 
cylindrical,  siibattenuating  toward  tlie  apex.  Dense  tufts  are  some- 
times found,  and  sometimes  isolated  form  ;  in  the  latter  case  the 
frond  generally  assumes  a  larger  size  (PI.  IX.  fig.  5). 

The  second  form  y  ahvays  occurs  in  tufts,  the  terminal  articuli 
being  homogeneousely  cylindrical  often  attenuating  toward  the  base. 

Although  I  refer  our  plant  to  the  present  species,  the  original 
descriptions  are  not  satisfactorily  applicable  to  it.  In  ours  the 
genicula  are  rather  small  when  compared  with  a  specimen  ex  Herb. 
Areschoug.  Nevertheless,  A.  ephedraia,  (Lamk.)  Aresch.  seems  to  be, 
at  any  rate,  a  variable  and  inconstant  species  ;  and  there  is  no 
little  danger  to  claim  an  independent  position  for  our  plant.  Ainphiroa 
Gaillonii,  Jjumx.  is  mentioned  in  tlie  list  of  Algae  collected  by 
Martens^)  ;  and  a  fragmental  specimen  doubtedly  identified  to  it  was 
collected  in  the  "Challenger  Expedition"  2),  on  the  shore  of  Oshima 
harbour  near  the  Kiushû  Island.  These  specimens  might  have  been 
either  of  the  above  mentioned  forms. 

Boshü  ;  Misaki  ;  Shimoda  ;  Prov.  of  Hiuga  ;  Prov.  oï  Mikawa  : 
in  the  low  side  marks  and  below. 


1)  Preussische  Expedition  nach  Ostasien.  Tange,  p.  131. 

2)  Dickie  :  Journ.  of  Linn.  Soc.  Bot.  vol.  15.  p.  450. 
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5.    Amphiroa  zonata,  sp.  nov. 

l'I.  T.  fin-.  11 -M  :  V\.  TV.  Üg.  î). 

Fronde  "2~h  cm.  alta.  tcrcti-compressa.  latitudine  ('(jiiali  vol 
sursum  latiore,  dichotonia  ;  raiiiis  i-aiimlisque  patentibus  ;  articulis 
inümi.s  l)ievi.s,simis,  mediis  0,(S-1.0  miii.  latis,  4.0-().()  min.  longis, 
supermis  compressis  linéaribiis,  apice  latioribiis  obtii.sis.  pulcberrimis 
transversi.s  striis  ;  geniculis  infërioribu.s  diainetriuii  iinj uantibus, 
superioribus  poriformibus  ;  conceptaculis  vernicaif<iriiiil)us  oblongis. 

The  present  plant  is  distinguished  fron»  otiicrs  by  having 
regularly  and  "  indirectly  "  0  dichotomous,  fiabellate  branches.  The 
articuli  of  the  middle  and  upper  portions  are  compressed  Avith  round 
edges,  and  the  terminal  articuli  have  always  remarkable  transverse 
striations.  In  a  dried  specimen  we  see  a,  deep  transverse  furrow 
parallel  to  the  apical  margin,  in  the  |)lace  of  the  terminal  striation. 
This  furrow  is  of  a  secondarv  importance  owing  to  the  contraction  of 
the  part  in  the  exsiccation. 

Ill  tlie  vicinity  of  the  Marine  Laboratory  at  Misaki,  we  hnd  two 
forms  of  plants  referable  to  this  species.  One  is  always  ibund  at  the 
littoral  region  and  the  other  in  ô-:20  feet  deep  water.  The  former  has 
more  patent  branches  of  rosy  purple  colour,  and  the  terminal  articuli 
are  much  more  compressed  :  the  latter  is  of  greyish  purple,  with  the 
branches  more  fastigiate  and  the  terminal  articuli  less  compressed. 
But  the  general  chjiracters  are  similar  in   several   respects  and  sharp 

1)  In  the  dichotomous  branching  of  Oorallinae,  I  distinguish  three  types,  viz  :— 
I.     Indirect  dichotomy  :  articulus  diverging  l^efore  it  had  a  geniculum. 
II.     Direct  dichotomy  :    articulus    having   twi>   genicula   at   the    end,   from    which    the 
successive  articuli  arise. 

III.     Decussate  dichotomy  :  one  ordi?r  of  dicliotouiy  in  the  pLme  nt  right  angles  to  that 
of  the  adjacent  order. 

These  expressions  would  bo  repeated  in  tin'  present  work. 
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boundary  is  liard  to  draw.  The  shallow  water  form  has  very  often 
the  terminal  articuli  cylindrical  and  a])proaches  to  a  form  of  the 
preceding  species. 

Usually  found  at  the  depth  of  ')-'2()  ft.  below  low  water  mark  : 
the  shallow  water  form,  hoAvever,  often  found  at  tlie  low  tide  mark. 
Misaki  :  Shimoda  :  Sunosaki. 

6.    Amphiroa  echigoensis,  sp.  nov. 

ri.  J.  fio'.  15-10  :  ri.  i\.  iio-.  10. 

Fronde  subcompressa  latitudine  equali,  dichotoma  :  articulis 
nfimis  cylindraceis,  brevissimis,  mediis  subcompressis  equicrassis, 
0.()-0.9  mm.  Litis,  o-o  mm.  longis,  superioribus  plus  minus  com- 
pressis,  baud  transverse  striatis,  ultimis  apice  rotundis  ;  geniculis 
diametrum  lequantibus  majoribut^quc  ;  conceptaculis  minutis  sub- 
promineritibus. 

The  articuli  are  somewhat  com])ressed  except  near  ihe  base. 
Their  breadth  is  homoo'eneous  throuofhout  the  entire  frond,  measurini"' 
O.G-0.9  mm.  in  diameter.  15ut  those  in  the  ultimate  portion  are 
slightly  compressed  and  broader.  The  genicula  are  equal  in  breadth 
ito  the  articuli  looking  as  the  brown  bands  on  the  dried  specimens. 
In  this  species  neither  the  transverse  striation  nor  the  furrow  near 
the  a])ical  margins  can  be  seen. 

This  species  undoubtedly  stands  near  to  the  former,  but  differs 
widely  in  its  internal  structures  ;  the  cortical  part  consists  of  several 
layers  of  the  parallelo})edal  cells,  compactly  arranged  in  an  anticlinal 
direction,  thickly  covering  the  zonal  arrangement  of  the  periclinal 
cells  ;  concej)tacles  «are  slightly  prominent  but  frosted  over  the  whole 
surface  of  the  articuli.  It  has  some  resemblance  with  Aiiqyhiroa 
algeriensis,  Kiltz.  and  A))q).  exilic.  Harr.      Yet  differs  from  the  former  by 
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the    mode   of"  ramification,    and    I'rom    the    hitter    by    its    remarkable 
genicula. 

Found  <jn  a  roclv  at  .sublittoral  region  :  not  very  common. 
Kaifii  :  Matsushima. 

7.    Amphiroa  dilatata,  Lamx. 

IM.  T.  tio-.  17-1^]  :  PL  V.  fig.  4, 

Amphiroa  dihitata,  I.amx.  Polyp.  Coral,  j).   299. 

Harv  :      jSTer.  Austr.  p.  97. 

Kiitz  :      Spec.  Alg.  p.  70o. 

Id  :      Tal).  Pliyc.  VIIL  Tab.  50.  fig.  III. 

De  Toni  :      Phyc.  Jap.  Xov.  p.  41. 

Arescli  :      in  J.  Ag.  Spec.  Alg.  II.  p.  ôoG. 
Amphiroa  galaxauroides,  Sond.  Plant  Preiss.  vol.  II.  p.  188. 

Martens  :     Preus.  Exp.  n.  Ostasien,  p.  'JiK 

Kiitz  :      Spec.  Alg.  p.  704. 

Id  :      Tab.  Pliyc.  A' III.  Taf.  öl.  fig.  I. 

Tiie  large  genicnla  on  the  lowermost  portion  give  the  frond  a 
fiexible  character  :  this  circumstance,  no  doubt,  is  the  cause  of  the 
frond's  being  always  found  spreading  radially  while  living.  The 
conceptacles  are  found  mostly  on  the  shaded  side  of  the  fronds.  They 
are  sometimes  densely  frosted  over  an  articulus,  and  sometimes 
arranged  in  two  irregular  rows  in  the  periclinal  direction.  The 
diagram;itic  as  Avell  as  more  minute  details  of  a  meridional  section  of 
an  articulus  of  the  former  case  are  shown  in  the  plate.  (Pi.  I.  fig. 
17  and  18). 

About  the  transverse  striations  Areschon«-  does  not  «ive  any 
particular  description.      Kiitzing  remarks  "  non  striae  "   in  the  diag- 
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jios\s  oi  A.  düatala,  und  "  tr.insversim  et  «nbtiliter  zonatis  "  in  that 
of  A.  (jülaxanroides  (Spec.  AJg.  Lc.)  Our  plant  has  always  plain 
transverse  zones  and  mncli  more  a])plies  to  the  latter  than  to  the 
former. 

]\Iartens  enumerates  A.  (jalaxanroides  in  the  list  he.  He  does 
not  acknowledge  the  reduction  of  the  species  hy  Areschong  on  the 
ground  that  his  plant  lias  the  articuli  ''alle  flach  und  ziemlich  gleich 
breit,"  while  in  A.  dilatata  ''sind  die  nutersten  Glieder  stielrund." 
I  could  not  und  anv  species  of  AwpJiiroa  whose  articuli  were  flattened 
already  at  the  base,  provided  that  it  had  been  a  complete  specimen. 

At  the  depth  of  4-10  ft.  below  l(^w  water  mark.  Misaki  : 
Sanosaki  :  Shimoda  :  Prov.  of  Hiuo'a. 


8.    Amphiroa  pusilla,  sp.  nov. 

?].  I.  hg.  22-23  :    PI.  V.  tig.  11-13. 

Fronde  1.5-3.Ü  cm.  alta,  decumbenti  saepe  erecta,  ima  basi 
subtereti,  superne  compressa,  di-trichotoma  ;  articnlis  iniimis  subtere- 
tibus,  mediis  comprCvSsis  1.0-1.5  mm.  latis  3.0—1.0  mm.  longis, 
superioribns  complanatis  vel  ])lanis  sursum  attenuatis,  ecostatis,  non 
transverse  striatis  ;  geniculis  brevibus  inferioribus,  angustioribus 
superioi'ibus  ;  conceptaculis  numerosissimis. 

11ns  species  stands  very  near  to  Aiiijdiiroa  dihitaUi,  Lamx.  But 
the  articuli  are  ahvays  much  more  rounded  and  in  every  proportion 
small.  The  attenuity  of  the  terminal  articuli.  ending  hnally  in  a 
blunt  point,  is  its  special  character.  Conceptacles  are  generally  found 
on  the  shaded  surface,  but  in  the  erect  form  on  lioth  surfaces. 

In  the  \o\\  water  mark  :    Misaki. 
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9.    Amphiroa  misakiensis,  sp.  nov. 

1*1.  T.  fig.  24-25  :   pi.  Vr.  fig.  1. 

Fronde  ima  ])[isi  tereti,  superiie  complanata,  di-trichot.orna  ;  raniis 
patentibus  ;  articulis  infimis  sabteretibus,  mediis  lato-  vel  obovato- 
cuiieatis  subplanis,  turn  saepe  attenuatis,  superioribus  foliiformibus 
obovato-clavati«  vel  palmatis  medio  subcostato-elevatis,  inarginibiis 
plus  iniiius  utrinque  undulatis  ;  geniculis  inferioribus  latitudine  o- 
plo  brevioribus,  superioribiis  subpnnctiforDiibns;  conceptaculis 

It  bas  tbin  and  sbort  articuli  at  tbe  basal  portion  ;  but  tbe 
upper  articidi  are  very  br<)ad  and  foliaceons,  giving  rise  to  several 
flat  ramuli  so  as  to  form  a  digitate  branch.  The  ventral  surface  of 
the  articuli  is  convex  and  the  otlier  slightly  canaliculated  at  both 
margins — the  cross  section,  therefore,  kmate.  Xo  transverse  striation 
could  be  seen. 

It  is  not  very  common,  only  a  few  specimens  have  been  collected 
at  low  tide  mark  :  Misaki. 

10.    Amphiroa  canaliculata,  Martens. 

1*1.  i.  fig.  20  :    VI  iV.  fig.  U-15. 

Fronde  maximn,  basi  tereti,  superne  compresso-complanatn, 
irregulariter  dichotoma  ;  articulis  compresis  linenri-oblongis,  dorso 
convexis,  ventre  bi-canaliculatis,  ultimis  attenuatis  ;  geniculis  brevis- 
öimis  ;  conceptaculis  dorso  numen)sis.siiuis. 

Amphiroa  canaliculata,  Martens.    Preus.   Exp.   n.   Ostas.  p. 
28.  Taf.  \\. 
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Our  specimen  is  somewhat  fragmentary  ;ind  the  entire  aspect 
can  not  be  fully  known  :  hut  the  convexity  of  the  dorsal  surface  and 
canaliculation  in  the  ventral  very  well  coincide  with  Marten's 
description.  One  peculiarity  in  this  plarjt  is  that  the  flat  articuli 
may  give  rise  at  their  edges  to  a  lot  of  tiny  hranchlets.  This 
character  is  cleary  shown  in  Marten's  plate  as  well  as  in  the  accom- 
panying photograph. 

By  trnwling  on  the  coast  of  the  Pro  v.  of  Kazusa  ;  rare.  (Dr.  K. 
Okamura). 

11.    Amphiroa  declinata,  sp.  nov. 

PI.  I.  fig.  29  :    PI.  A^I.  fig.  4. 

Fronde  declinata,  ima  bîisi  tereti,  superne  compresso-complanata, 
di-trichotoma  ;  ramis  patentihus,  pinnatis  saepe  bipinnatis  ;  pinnis 
pinnulisque  sursum  sensim  brevioribus  ;  articulis  inferioribus  cylin- 
draceis  diametro  sesqui-vel  2-plo  longioribus,  mediis  subscutiformibus 
vel  hexagonis,  apicalibus  rotundis,  pinnarum  pinnularumque  sublineœ- 
scutiformibus  ;  geniculis  linearibus  ;  conceptiiculis  numerosissimis 
conicis  in  marginibus  articulorum  insitis. 

The  articuli  in  the  middle  and  the  upper  portions  are  always 
compressed,  more  or  less  plainly  costated.  Tlie  branches  are  regularly 
pinnated  with  their  general  <nitlines  rhomboidal.  The  fronds  measure 
4-0  cm.  in  length  ;  the  average  articuli  1.5-2.5  mm.  wide,  2.5-O.0 
mm.  long.  They  grow  upright  at  the  beginning  but  soon  spread 
horizontally  vvitli  the.  upper  parts  bending  downwards.  The  con- 
ceptacles,  0.5  mm.  in  iliameter,  are  found  mostly  growing  in  a  row 
on  the  edge  of  an  articalus,  pointing  obliquely  toward  the  ventral  side. 

Below  low  tide  mark.  Misuki  :  Prov.  of  Hiuoa  :  Prov.  of  Echisfo: 
Prov.  of  Wakasa  (Mr.  \{.   Tsuge)  :    Matsushima  Bay. 
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12.    Amphiroa  crassissima,  sp.  nov. 

P].  r.  tig.  27-28  :    PI.  A\  tig.   .")-(!. 

Fronde  crassissima,  iiua  basi  tereti  superne  comprsso-coinplaiiata, 
di-trichotoma,  irregulariter  pinnatis  ;  articnlis  infcrioribus  cylindraceis 
diametrum  œcjuantibus,  mediis  scutiforinibus  vel  obtrapezoidibus, 
superioribus  compressis  phis  miiiiis  coytatis,  obloiigo-obcordatis  vel 
sagittatis,  lobis  patentibus  ;  articulis  nltinii.s  clavatis  ovatisque  vel 
sagittatis  ;  apice  albis,  lévite  transverse  striates  ;  geniculis  inferioribus 
linearibus  superioribus  obscuris  ;  conceptaculis  ]jaucis  in  rn.arginibus 
articulorum  insitis. 

The  fronds  measure  ö-7  cm.  liigh  spreading  Avidely  upwards. 
Jjy  the  virtues  of  the  thick  articuli  and  the  insignificant  genicula,  the 
fronds  assume  a  very  robust  appearance.  The  terminal  articuli  are 
often  digitated,  and  sometimes  the  lobes  of  a  sagittate  articulus 
are  prolonged  into  lacineated  broad  wings.  The  fertile  articuli  are 
irregularly  cylindrical  or  sublinear  with  one  or  two  rows  of  conical 
conceptacles. 

Below  low  tide  mark.      Misaki  :    Shimoda  :    Pr(jv.  of  l>o.shü. 

13.     Amphiroa  aberrans,  sp.  nov. 

PI.  II.  fig.  1-Ô  :  IM.  V.  fig.  1-:;. 

Fronde  maxima,  ima  basi  subtereti,  su])erne  compressa,  di- 
trichotoma  ;  ramis  ramulisque  oppositis  patentibus  ;  articulis  infimis 
teretibus,  inferioribus  compressis  scutiformibus,  medio  elevatis.  utrin- 
que  adpressis,  mediis  superioribusque  eramiferis  sagittatis  plus  minus 
costatis,  lobis  projectis,  articulis  ultimis  ob(n'atis  ;  geniculis  linearibus  ; 
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conceptiiculjs  aliis  in  mediis  articulorum  aliis  saepe  in  apicibns  loborum 
insitis. 

The  present  species  is  large  and  beautiful  plant  often  attaining 
the  lieight  of  12-20  cm.  The  articuli  are  sagittated  with  compressed 
and  broad  Avings,  without  any  indication  of  the  zonal  striation. 
Conceptacles  are  mostly  found  on  the  surfaces  of  the  flat  articuli,  not 
seldom  immersed  in  the  projected  angles  of  the  articuli. 

It  is  in  this  plant  that  the  decussate  branches  are  often  proliferated 
fi-om  the  surface  of  an  articulus  (fig.  1  &  2.  PI.  II).  In  normal 
condition  the  proliferations  are  few  in  number  and  short  in  length. 
Ihit  when  they  are  numerous  and  luxuriant  the  frond  assumes  quite 
a  differerit  form  from  the  normal  one  ;  and  not  seldom  another  species 
of  CoraUinae  grows  together  witli  those  aberrant  branches,  making 
tlie  frond  much  more  perplexing. 

The  decussate  branches  have  the  articuli  normal  but  often 
linear,  sometimes  very  broad  spathulate  ones.  In  tlie  latter  cases  the 
terminal  articuli  are  generally  thin,  broad  and  fan-shaped,  concave  as 
a  watchglass. 

I  was  not  able  to  find  any  description  satisfact(n*ily  referable  to 
this  plant.  The  figures  of  Co/7/.//?«a //•o/i(/Y'.s-6Y7/.s',  G.  (jonphoneiiiacea  and 
C.ßahellata  rar.  in  Kutzing's  Tab.  Phyc.  (PI.  5Î).  II  ;  PI.  G3.  I;  PL 
()o.  II)  seem  to  have  some  relations  with  the  plant  in  question.  But 
the  original  descriptions  of  the  above  mentioned  species  are  impossible 
to  be  applied  to  our  plant. 

It  is  rather  common  in  the  middle  parts  of  Japan,  on  the 
Pacific  coast  as  well  as  on  the  Japan  Sea  side  :  found  in  the  sublittoral 
region  often  covering  a  gotjd  area  of  a  rock.  Misaki  :  Bôshû  : 
Shimoda  :  Pro  v.  of  Hiuga  :  Prov.  of  Wakasa  (Mr.  K.  Tsuge)  :  Prov. 
of  P]chi<z"o. 
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Cheilosporum,  (Arescb.)  Schmitz. 
1.    Cheilosporum  anceps,  (Kütz). 

ri.  IL  fig.  (5-<S  :    Fl.  Vr.  fig.  '2. 

Fronde  tenuiore,  gracile,  basi  tereti,  mox   compresso-complanata, 
substipitata,  densissime  di-trichotoma  ;  articulis  omnibus  subcostatis, 
infimis   cylindraceis   diametro   0.5-1.0  mm.,   mediis  eramiferis  sciiti- 
formibus   vel   obcordatis,    superioribus   ramulorumque   linearibus    vel 
obcordatis  vel  sagittatis,  lobis  saepe  laxe  prominentibus  ;  conceptaculis 
in  apicibiis  vel  mediis  loborum  tumescentibus  ;  geniculis  brevissimis. 
Corallina  anceps.  Kütz.  Phyc.  Gen.  p.  388. 
Id  :      Tab.  Phyc.  Taf.  Q2.  fig.  I. 
Id  :     Spec.  Alg.  p.  708. 

The  articuli  in  this  species  are  highly  variable  in  their  form  and 
size  ;  those  of  the  branches  as  well  as  the  upper  portions  are  generally 
linear,  measuring  0.5-1.0  mm.  in  breadth  and  5.0-7.5  mm.  in 
length  ;  those  of  the  middle  portion,  cordate,  reniforme  or  sagittate. 
The  lobes  of  the  sao-ittate  articuli  sometimes  attain  io  1.  cm  in  lenofth, 
very  often  giving  rise  to  long  branchlets  at  their  apexes.  The  apical 
articuli  are  very  small,  cylindrical,  linear  or  obovate  in  the  shape. 
We  have  in  many  cases  small  protuberances  at  the  top  of  the  superior 
articuli  and  not  seldom  of  the  middle  portion.  These  are  abnormal 
decussate  branches  and  may  develope  into  the  branches  with  cordate 
or  sagittate  articuli.  Although  the  articuli  are  thus  variable  in  the 
form,  every  lower  end  of  them  is  always  pointed,  leaving  a  narrow 
space  to  admit  the  small  geniculum.  So  the  movement  of  tlie  articuli 
is    slightly   restrained  and    the   whole   frond   is   extremely   delicate. 
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Conceptacles  one  to  three  in  each  articulas  ;  in  the  middle  or  at  the 
tops  of  the  lobes,  or  the  both  cases  taking  places  at  the  same  time. 
At  low  side  mark  :   Hakodate. 


var.  modesta,  nov.  var. 

PI.  II.  fig.  9  :       PL  VI.  fig.  a. 

Fronde  tenui  ;  articulis  obcordatis  vel  sagittatis,  longitudine  inter 
genicula  distantiam  loboriini  sabirquante  vel  sesquibreviori,  ultimis 
rotundatis  vel  ovatis. 

The  form  of  the  articuli  in  this  variety  is  nearly  constant  ;  the 
extraordinary  prominent  lobes  of  the  sagittate  articuli  or  the  linearly 
prolonged  ones  are  not  found  in  this  plant. 

At  low  tide  mark.    Hakodate  :  Kaifu  (Pro v.  of  Echigo). 

2.    Cheilosporum  yessoense,  sp.  nov. 

I'l.  II.  fig.  12-18  :    PI.  VI.  fig.  5. 

Fronde  robusta,  multicipiti,  basi  subtereti,  mox  compresso- 
<îomplanata  nudiusculo-stipitata,  irregulariter  dichotoma  vel  proliféra, 
basibus  articulorum  prominentibus  ;  articulis  inferioribus  scutiformibus 
«trinque  compressis,  superioribus  approximatis  obcordatis  vel  obreni- 
formibus  lobis  patentibus  rotundis  adpressis,  apicalibus  flabellatis  ; 
geniculis  brevissimis  ;  conceptaculis  in  margine  loborum  superiori 
articulorum  immersis  vel  in  mediis  loborum  tumescentibus. 

f.  angusta.  PI.  II.  fig.  14-15  :  PI.  VI.  fig.  6. 
Fronde  angustiore,  articulis  obcordatis  vel  sagittatis,  conceptaculis 
in  mediis  loborum  tumescentibus. 
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In  tlu!  r_vpic;il  loi-in  the  articidi  ure  compactly  arranged  and  their 
form  is  liighiy  regular  :  those  of  the  ui)j)er  portions  have  the  lobes 
projecting  obli({ue]y  upwards  but  gently  turning  into  transversal 
direction.  The  former  articuli,  therefore,  assume  a  form  just  like  the 
wings  of  an  acer  fruit  or  a  dock  key;  and  the  maximum  breadth 
measures  4-()  mm.,  the  inter-ofeniculai-  distance  l.ô-2.()  mm.  The 
outline  of  a  branch  is  without  exce})tional  spathulate.  The  lower  end, 
or  the  pedicel,  as  it  were,  of  an  up[)er  or  middle  ai-ticulus  is  always 
prominent  as  in  a  Ijamboo  node,  but  gently  disappearing  as  we  trace 
downwards.  The  conceptacles  are  generally  immersed  in  the  upper 
margins  of  the  lobes. 

The  /.  (iittßiüta  has  a  similar  character,  but  narrower  articuli  : 
Th(;  breadth  measui-es  2. 0-2.0  mm.,  the  inter-genicular  distance 
1.5-2.0  mm.  The  conceptacles  are  immersed  in  the  middle  parts  of 
the  lobes  and  seldom  at  the  apexes. 

The  description  of  Anipliiroa  cliiloensis,  Dene.,  Auifi.  proliféra, 
L'Uii.x.  etc.,  are  witli  slight  modifications  applicable  to  /'.  (onjusfa.  But 
they  are  not  sharply  defined  and  we  are  afraid  of  confusing  them  more 
and  more  by  :ip])lying  oiu-  ])lant  to  eithei'  of  them  until  we  have  had 
an  authentic  specimen  to  refer  to. 

Jioth  typical  and  tlie  narrow  form  liavc  been  collected  at  Hako- 
date ;  the  formel*  was  also  found  in  the  Vmv.  of  Hoshfi  (Dr.  K. 
Okamura)  :  Ijelow  low  water  mark. 

3.    Cheilosporum  Californie  urn,  (Dene.)? 

IM.  11.  fig  10  :   PI.  VI.  fig.  S. 

AmphiroM  californica.  Dene,  classif.  d.  Alg.  et  ('or.  p.  11:^. 
Kiitz  :      »'^jH'c.  Alg.  p.  704. 
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Are.sdi  :      in  ').  Ag.  Si)ec.  Alg.  11.  ]>.  542. 
?   liarv  :      Ner.  l>or.  Amer.  ]).  (S G. 

I  have  a  collection  of  plants  of  s(jme\vhat  dwarfed  form.  Tliey 
are  like  Chcilosporuin  yessoensc  but  much  smallei-  in  all  res[)ects, 
measuring-  neary  2  cm.  in  height  and  the  other  parts  in  proportion. 
They  closely  resemble  the  specimen  oî  C'heil.  (Ampliiroa')  califonticiun, 
(Dene.)  which  is  c:c  herbariu  of  Dr.  Farlow  and  kept  in  the  herbarium 
of  our  Institute. 

We  can  not  say  much  about  tlie  present  species  as  (jur  specimens 
seem  to  be  somewhat  abnormal  and  incomplete.  All  we  can  here  say 
is  to  mention  a  doubtful  plant  referable  to  the  present  species,  collected 
on  the  Paciiie  coast  of  Japan. 

Low  tide  mark.  Prov.  of  ßoshü. 

4.    Cheilosporum  latissimum,  sp.  nov. 

VI.  ir.  %.  ir)-i7  :  v\.  vr.  lig.  7. 

Fronde  latissima,  robusta.  multici[)iti,  basi  tereti,  rnox  compresso- 
complanata,  irregulariter  ramosa  ;  articulis  approximatis  sagittatis 
lobis  patentibus  a])ice  truncatis,  plus  minus  subcostato-elevatis, 
longitudine  inter  genicula  distantiam  loborum  2  plo — o  plo  breviori, 
basibus  articulorum  jn'ominentibus  ;  conceptaculis  biiiis  vel  quattuor 
in  apicibus  loborum  immersis. 

The  j^lant  attains  to  the  height  of  4-G  cm.  with  a  short  sti})e. 
The  articuli  in  the  middle  and  upper  ])ortion  are  extremely  thin  and 
brittle,  and  compactly  arranged  :  the  maximum  breadth  measuring 
6-S  mm.  and  the  inter-geniciilar  distance  2-5  mm.  Tw^o  to  four, 
often  five  conceptacles  are  found  in  one  articulus  at  the  upper  portions. 
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They   art-   immersed  in   t\\v.   winus,   with    the  opeuing    pores    at    the 
external  margins,  ending  at  the  projecting  points. 

Cast  aschore  on  the  coast  of  Prov.  of  Kazusa  (I)j'.  K.  Okamura). 

5.    Cheilosporum  maximum,  sp.  nov. 

IM.  I  J.  tin-.  1,S-1<>:     I'l.  \L  fio-,  <). 

1t(jij(1('  maxima,  rohusta,  muUicipiti,  ima  basi  tereti  Jonge 
stipitata,  superne  compresso-complanata,  irregidariter  laterali-ramosa, 
pectinato-pinnata  ;  articulis  stipitis  subcylindraceis  diametro  aequi- 
longioribus,  pinniferis  hexagonis  vel  truncatis  subcostatis  ;  pinnis 
approximatis  vel  imbricatis,  mediis  inferioribusque  linearibus,  superior- 
ibus  spathulatis  ;  conceptaculis  in  apicibiis  pinnarum  immersis  vel 
])er  medios  articulos  prominentibus. 

This  ])laTjt,  one  of  the  most  beautiful  on  onr  coast,  is  very 
(iommon  on  the  shore  of  the  Sagami  Bay.  The  fronds  attain  the 
height  of  12-15  cm.  with  rather  long  stipes.  The  articuli  at  the 
basal  part  are  short  and  cylindrical  which  gently  Hatten  upwards  and 
becomes  provided  with  pinnule  at  each  corner  of  the  upper  angles. 
The  pinnae  are  flat  and  very  regular  in  their  shape,  just  like  a  pectoral 
tin  of  a  common  fish.  But  in  the  upper  portions  they  are  a  little 
changed,  being  sometimes  linear,  spathulate,  often  bifurcating  at 
the  apex. 

Conceptacles  are  generally  solitarily  immersed  at  the  apexes  of 
the  pinnules,  but  not  seldom  in  an  axial  articulus. 

It  is  necessary  to  notice  that  this  plant  is  a  species  somewhat 
apart  from  the  ordinary  Cheilotiponun.  Cheiloaponmi ,  strictly  si)eaking, 
has  no  pinnules.  Xevertheless,  we  often  find  the  enormously  pro- 
longed and  finally  jointed  lobes  in  those  plants  which  belongs  to  the 
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genuine  Chellosporuiii.     Our  plant  should  be  taken  as  an  extreme  case 
of  this  modiUcation. 

It  is  an  inhabitant  of  the  sublittoral  reoion,  often  covering-  the 
whole  surface  of  a  reef  to  the  exclusion  of  other  plants.  Prov.  of 
Boshû  :  Prov.  of  Kazusa  :  Misaki  :  Shimoda. 

Corallina,  Lamx. 
1.    Corallina  yenoshimensis,  sp.  nov. 

PL  II.  21-2-1  :  PI.  VII.  fig.  2. 
Fronde  decumbente,  caespitosa,  fastigiata,  regulariter  dichotoma, 
axillis  acutis,  ramis  suberectis  saepe  apice  subinflatis  ;  ramulis 
moniliformibns  tenuissimis  a  basi  proliferis  :  articulis  ominibus 
compressis  vel  ancipitibus,  ramiferis  subcuneatis,  eramiferis  sublinear- 
ibus,  dichotomiis  superioribus  ultimisque  conceptaculiferis  ;  concep- 
taculis  ovatis. 

The  frond  is  fjistio:iate  and  reijularlv  dichotomous,  the  terminal 
portion  more  or  less  inflated.  Articuli  are  compressed  and  measure 
1.0-1.5  mm.  in  leno^th,  and  0.6-1.0  mm.  in  width  :  whole  size  of 
frond  2.0-2.5  cm.  The  terminal  articuli  as  well  as  the  horns  are 
always  linear  and  blunt.  The  conceptacles  are  oval  or  elliptical, 
slightly  bulging  out  at  the  end  of  upper  articuli.  We  find  always  in 
this  plant  some  slender  moniliform  branchlets  proliferating  from  the 
basal  articuli. 

Sublittoral  region.      Hakodate  :  Yenoshima  (Dr.  K.  Okamura). 

2.    Corallina  nipponica,  sp.  nov. 

PI.  II.  gg.  20  :    PI.  \IL  tig.  1. 
Fronde  erecta,  caespitosa,  dichotoma,  axillis  acutis,  ramis  erectis  ; 


24  ART.  :?,— K.  YEN'DO: 

ui'ticüiis  nu^dii.^  .sujK'ri()ril)us(jii('  (jvliiulraceis,  interioribiis  compressis 
jincipitibiis  tnmcati.s.  dichotoiiiiis  .superioribas  iiltiiiu.s<jii('  concept- 
îiculiferis  :  coiiceptaciilis  .•siilx-lüvatis  (.'ornibiis  brevissiiniin. 

The  present  i)laiit  bears  sonu'  resemblance  to  (.'or.  riilwns,  L.  IJiit 
it  is  much  thicker  ami  has  a  nioi-e  r()l)ust  appearance.  Tlie  cylindrical 
articuli  are  ().()-t).(S  iimi.  loni;-  and  0.18-0.2  mm.  wide  ;  the  lower 
articnli  bein^'  broader  and  slioi'ter,  and  compressed.  The  conce])tacles 
ha\e  «'•enerallv  blunt  short  hoi'iis  of  a  sino-|e  joint. 

Low  water  mark.    Kaiiu. 


3.    Corallina  adhserens,  (Lamx.)  mut.  strict. 

PI.  TIL  tio-.  4  :    PI.   \'fl.  ho'.  5. 

Fronde  ii-regulariter  decussato-dichotomti.  vel  paniculata,  ramis 
divaricatis  intertextis.  (•aj)illaceis  :  articulis  cyhndraceis  diametro 
6  plo — "10  [)Io  Icjngioribus,  ultimis  cylindraceis  subattenuatis,  concept- 
uculis  urnïeformibus  apicali])us. 

dania  adha-rens,  Lamx.  Lolv}».  (oral.  [).  :^70. 

Kiitz  :      Spec.  Alg-.  ]).  710. 

Aresch  :      In.  d.  Ag.  Spec.  iVlg  IL  p.  âôl). 
Corallina  adhierens,  Kiitz.  lab.  Phyc.  VII I.  t.  8o.  p.]). 

Heydrich  :      Beit.  z.  Kennt.  (Hedwig,  lîd.  .')!).  p.  oOl.) 

De  'IVjni  :       IMiyc.  Xov.  dap.  }>.  42. 

It  has  slender  capillary  articuli  measuring  O.OS  mm.  in  diameter 
and  0.5-0.8  mm.  in  lengtli.  The  branches  are  irregularly  decussate 
dichotomous,  with  ultimate  articuli  slightly  attenuated.  This  way  of 
branching  makes  the  frond  in  a  massive  tuft  ;  and  moreo\er  lots  of 
the   decussate   branches   form   fastenino-   discs   at   their   ends   to  fuse 
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together  with  the  brunches  in  contact.  Thus  a  spongy  mass  of 
calcareous  network  are  often  found. 

The  original  description  of  the  present  species  is  at  once 
applicable  to  both  the  present  and  the  next  species.  These  two 
species  have  several  characters  worthy  enought  to  separate  one 
another. 

Found  in  tufts,  usually  epipliytic  on  other  algae,  in  the  sublittoral 
region.      Prov.  of  lîoshû  :  Misaki  :  Shimoda  :  Prov.  of  Iliuga. 

4.    Corallina  decussato-dichotoma,  sp.  nov. 

IM.  lir.  tig.  1-3  :    PI.  MI.  fig.  3-4. 

Fronde  fragile,  decussato-dichotoma,  ramis  divaricatis  intertextis, 
articulis  cylindraceis  diametro  2  plo — -5  plo  longioribusultimis  cylind- 
raceis  acutis  ;  conceptaculis  urnicf^rmibus,  cornibus  longioribus. 
Corallina  adhicrens  Iviitz.  Tab.  Phyc.  VIII.  t.  <S8.  p.p. 

The  articuli  in  the  present  plant  are  thicker  than  in  the  preced- 
ing species,  measuring  0.2-0. f)  mm.  in  length  and  and  0.1-0.15  mm. 
in  diameter.  Conceptacles  are  rarely  found  ;  and  if  present,  they  are 
provided  with  long,  many  articulated  horns.  The  length  of  the 
articuli  is  variable  according  to  the  habit  of  the  plant  :  When  it 
grows  epiphytically  upon  an  alga,  the  articuli  are  comparatively  long, 
and  the  mass  is  somewhat  loose. 

On  rocks  or  epiphytic  on  other  algae  at  low  water  mark.  Misaki  : 
Prov.  of  lîoshfi  :  Prov.  of  Hiuga. 

5.    Corallina  arborescens,  sp.  nov. 

PI.  in.  Üg.  5  :    PI.  VII.  fig.  5. 
Fronde  1  cm.  alta,  erecta,  regulariter  dichotoma  ;  ramis  patentibus 
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sursum  Htteiiuati.s  ;  articiilis  ini'criorihiis  compressis  aucipitibus, 
mediis  superioribusque  subcompressis  diametro  /i-4plo  longior- 
ibus,  ultimis  linearibus  vcl  scutiformibii.s  ;  geiiiculis  constrictis  ; 
conceptacnlis 

The  lower  articuli  ain;  compressed  and  truncated  ;  the  middle 
ones  measure  ().()-0.8  mm.  loni»'.  0.15-0.2  mm.  wide. 

Epiphytic  on  otlier  aign,  at  low  tide  mark.  Kaifu  :  Akashi  (Prof. 
J.  Matsumura). 

6.  Corallina  radiata,  sp.  nov. 

PI.  Ill,  tig.  (5  :    PI.  VII  tier.  7. 

Fronde  minima,  tlabellata,  ramis  radiato-fastifrifitis,  reaulariter 
dichotoma  ;  articulis  inümis  teretiusculis  mox  compresso-complanatis, 
lineari-clavatis,  diametro  2plo-3plo  longioribus  ;  conceptaculis 

'i'he  articuli  are  flat  and  linear,  and  measure  hardly  0.3  mm.  in 
Avidth,  Ü.8  mm.  in  length.  Several  fronds  arise  from  a  comm(Hi  disc 
with  the  basal  articuli  apparently  similar  in  shape  and  size  to  those 
of  the  other  portions.  The  disc  is  round,  and  more  or  less  convex  on 
the  upper  surface,  reminding  us  Cor.  Lcnonnandiana,  Grim.  {Cor.  luina, 
Lenorm.).     Xo  conceptacle  is  yet  found. 

Found  epiphytic  upon  Ciistoplioni,  Sanjassum  or  other  brown 
algae,  forming  a  rosy  spot.  Prov,  of  Shima  (Mr.  K.  Tani)  :  Kania- 
kura  :  Misaki  :    Prov.  of  Kii. 

7.  Corallina  ungulata,  sp.  nov. 

PI.  III.  fig.  7-8  :  PI.  VII.  tig.  8. 
Fronde    tenuissima,     compressa,    dichotoma,    ramis    divaricatis 
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subintertextis  ;  articulis  imcqualibus  sursuiii  atteiiiuitis  et  brevioribus, 
mediis  superioribusque  cylindraceis  omnibus  diametro  8-13  plo 
longioribus,  ultimis  Jatis  unguliforinibus  vel  cylindraceis,  dichotomiis 
superioribiis  ultiniisque  conceptaculiferis  ;  conceptaculis  urnaeformibus 
cornibus  simp]  ici  bus. 

f.  brevior,  f.  nov.  PI.  III.  fi«\  U.  PI.  VII.  Hg.  *). 
Fronde  tenuiore,  articuJis    brevioribus   diametro    i2-3plo    longi- 
oribus,  superioribus  subclavatis,  ultimis  unguliformibus  vel  globosis. 

The  typical  form  has  a  similar  habit  to  Cor.  (idliwrcns^  Lamx.  in 
forming  a  large  mass  of  spongy  network.  /'.  hrevior  is  more  robust 
than  the  type  in  virtue  of  the  shortness  of  the  articuli.  These  two, 
however,  approach  one  another  and  shar])  boundary  is  impossible  to 
draw. 

The  ultimate  articuli  of  a  sterile  frond  have  a  special  character. 
They  are  broad  and  compressed  at  the  apical  margin,  cylindrical  at 
the  base  :  the  apparent  shape,  therefore,  is  like  a  horse's  hoof,  after 
which  the  plant  has  been  named.  This  character  is  owing  to  the 
peculiar  mode  of  ramification.  An  articulus  tends  to  ramify  when 
it  is  yet  very  short  ;  or  one  articulus  is  prolonged  after  it  has  given 
forth  the  successive  articuli.  The  matured  plant,  as  a  consequence, 
has  a  few  articuli  of  this  sort  and  becomes  difficult  to  separate  from 
the  loose  form  of  Cor.  decussato-dicliotoma. 

The  typical  form  has  been  found  in  the  Pro  v.  of  Wakasa  (Mr.  1\. 
Tsuge),  and  at  Misaki  ;  /'.  hrerior,  in  the  Prov.  of  l^öshü  :  both  at  low 
water  mark. 

8.    Corallina  sp. 

PI.  ni.  fig.  10. 

A    tiny   plant   irregularly  dichotomous,    with  patent   branches  ; 
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er!imiferoiiï>  ;ii'l i<nli  cvliiidcical.  raîiiifcrDiis  cluviitc,  4-5  times  longer 
tliaii  bveadtli  :  (  "oiia'ptaclcs  at  the  tipper  and  the  ultimate  dichoto- 
moii.s  ])oint.s. 

The  ])resent  plant  has  its  all  hraiK-lies  Iri'tilc  aiid  disables  us  to 
determine  the  speeies.  ImxiikI  cpiphytir  on  (^licilnAponnn  ancrps, 
ÇKiit:.)  Tdr.  moili'shi  ('olle('t<'(l  at   i\aii'ii. 

9,    Corallina  officinalis,  L. 

V\.  111.  H-    U-i;;  :    i'l.  VIL  fig.  10-1-5. 

Corallina  officinalis.  L.  Fauna  Siiee.  n.  22o4. 

llarv  :      I'hyc  I'>rit.  VI  '22-2. 

Areseh  :      in  J.  Ag.  Spec.  Alg.  IE.  p.  502. 

Kiitz  :      Spec.  Alg.  p.  705. 

Id  :      Tal),  rhyc.  ¥111.  Taf.  (Hi-CS. 

Kjell  :      Alg.  of  Arc.  Sea.  p.  <S(). 

Maiuk  :      Meeresalgen.  ]>.  2(S1. 
Cor.  densa,,  Iviitz  :    Spsc.  Alg.  p.  705. 
Cor.  spathulifera.  Kiitz.  Spec.  Alg.  p.  709. 

Id  :      Tab.  Phyc.  YIH.  T.  G5. 
Cor.  nana.  Zanard.  Icon.  l*hyc.  Adr.  III.  T.  55. 

Kiitz  :      Spec.  Alg.  ]>.  70Î). 

Id  :      Tab.  j^hyc.  VIII.  T.  S(i. 

Areseh  :      in  rl.  Ag.  Spec.  Alg.  11.  p.  5G4. 

a:  PI.  III.  tig.  11  :  PI.  Vll.  fig.  10.  fronde  brevi,  tereti  ; 
îirticulis  raniorum  compressiusculis  clavatis,  pinnarum  cylindraceis 
vel  linearibus,  ultiniis  cylindraceis  saepe  laciniatis. 

ß  :  PI.  III.  fig.  12  ;  PI.  \' 1 1,  fig.  11.  fronde  crassi ore,  robusta  ; 
articulis    ramorum    subcylindraceis   chivatis    diametro    sesqui — 2  plo 
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loiigioribu.s,    ])iiHiaruin    cylindrucei.s.    elongutis,    tenuissiiiiis,    uJtinii.s 
cyliiidraceis. 

r  :  1*J.  111.  ÜO-.  1,-5  :  PI.  \'1[.  fio-.  12.  fronde  (n-assissiiiia  dense 
fustigiata  ;  articulis  ranioruni  snliCùuipJanati.s,  nu'diis  subcostatis, 
c'lavatis  vol  truncatis,  pinnarum  pinnularuraqne  subcylindraceis, 
iiltiniis  subcompressis. 

o  :  V\.  VIL  tig.  lo.  fronde  majore,  parce  raniosa  ;  articidis 
intiniis  cylindraceis  diametruni  subiequantibus,  axiuni  ramorumque 
subcompressis,  oblongo-obovatis  vel  subclavatis,  pinnarum  linearibus 
compresso-complanatis  sabo(3stato-elevatis,  nltimis  coin])ressi.s  ovatis. 

The  form  a  is  widely  distributed  in  the  middle  part  of  Ja])an  as 
well  as  in  Hokkaido  (Vesso).  Tt  is  found  densely  covering  large 
])atches  of  rocks  from  the  liigh  water  mark  to  2-3  feet  below  the 
surface.  Under  the  influence  of  surrounding  conditions  it  is  generally 
bleached  into  a  dirty  white  or  greenish  colour,  ft  attains  hardly  to 
2-4  cm.  in  lieight  with  the  axial  articuli  1  mm.  long,  0.5  mm.  or 
less  wide  ;  the  pinnae  being  much  thinner.  Very  often  a  laciniated 
articulus  is  found  at  the  top  of  a,  branch. 

The  second  form  .9  accords  iji  several  respects  ^x\Û\  J.  ffextlis  ol 
Kjellman.  Ihit  our  i)lant  is  smaller  than  his,  measuring  only  4-8 
cm.  in  height  ;  its  articuli  are  cylin(h'ical  throughout  the  whole  part 
of  the  frond,  gently  attenuated  toward  the  apex;  the  axial  articuli 
measure  1.5  mm.  in  length  and  1.  mm.  in  width  ;  the  uppermost  ones 
being  only  as  thick  as  a  brittle. 

The  form  c  of  Areschong  in  J.  Ag.  Spec.  Alg.  1.  c.  might  prove 
the  same  as  our  form  ;-.  They  accord  very  well  on  the  points 
remarked  by  him,  except  in  regards  to  the  shape  of  the  ramiferous 
axial  articli,  which  an;  much  moi'c  compressed  and  more  or  less 
costated  in  our  s]X'cimens. 
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The  form  o  is  ;i  comparatively  large  plant.  Its  ramiferoiis  axial 
articuli  are  s ubcom pressed  and  clavate  ;  and  those  of  pinnae  much 
more  flattened  and  eda'ed  :  pinnules  are  mostly  delicate  and  cvlind- 
rical.  Xo  conceptacle  yet  f(3und.  Tiiis  form  is  somewhat  uncertain 
of  its  position,  as  it  wants  the  propagating  organ.  Yet,  the  general 
appearance  shows  to  have  a  close  relation  to  the  present  species. 

a,  common  along  the  whole  coast  of  Japan  :  ß.  Hakodate  ; 
Otaru  ;  Matsushima  :  y,  Hakodate  :  J,  Hakfxlate  ;  Prov.  of  Wakasu 
(Mr.  H.  Tsuge). 

10,    Corallina  pilulifera,  Post,  et  Rupr. 

PL  in.  fig.  14-1(5  :    PI.  Yll.  fig.  14-16. 

Corallina  pilulifera,  Post,  et  Rupr.     Illustr.   Alg.   p.    '20.    t. 
XL.  fi"-.  101. 
Ruprecht  :      Tange  d.  Och.  Meer.  j).  844. 
Kiitz  :      Tab.  Phyc.  Taf.  G4.  fig.  1. 
Aresch  :     in  J.  Ag.  Spec.  Alg.  II.  p.  563. 
f.   Sororia,  Rupr.  PL  III.  fig.  15  :   pi.  \'H.  tig.  15. 

Corallina  pilulifera,  Post,  et  Rupr.  f.  Sororia,  Rupr. 
Tange  d.  Och.  Meer.  p.  844. 
f.  filifonnis,  Rupr.  PL  III.  tig.  14  :  pi.  \'II.  tig  14. 

Corallina  pilulifera.  Post,  et  Rupr.  f.  tiliformis,  Rupr. 
Tange,  d.  Och.  Meer.  p.  844. 
?  Kiitz  :      Tab.  Phyc.  YIIT.  Taf.  ST.  tig.   I[. 
f.  intermedia,  f.  nov.  PL  III.  tig.  16  :    PL  \U.  tig.  16. 

Articulis  ramorum  truncatis  vel  deltoideo-obcordatis  angulis  non 
projectis,  j)innarum  brevissimis,  subcylindraceis  vel  clavatis,  ultimis 
obovatis  compressis. 
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Coralliiui  pilulifera  is  undoubtedly  a  variable  plant  seeming  to 
approach  Cor.  oßcinalis,  L.  on  one  side  and  Cor.  S(iuamata,  Ellis  et  Sol. 
on  the  other.  Nevertheless,  the  descriptions  of  the  forms  given  by 
Ruprecht  I.e.  sharply  define  the  differences  between  them,  two  of 
which  were  quite  applicable  to  our  plants.  /.  typica,  Riipr.  could  not 
he  found  in  oiir  coast,  and  I  found  another  form  hitherto  not  yet 
described,  /.  intermedia. 

f.  Sororia  is  a  comparatively  robust  phmt,  easily  separable  from 
the  other  members.  It  is  always  found  decumbent  :  the  ventral 
surface  of  the  articuli  are  highly  elevated  while  the  upper  remain  flat. 
This  is  characteristic  of  this  form.  When  it  has  assumed  a  more 
delicate  appearances,  it  becomes  almost  impossible  to  distinguish  from 
/'.  filiforiiiis. 

f.  filiforiiris  is  a  very  slender  plant,  with  the  characteristic  long 
pedunculated  conceptacles.  The  articuli  of  the  main  branches  have  no 
projecting  shoulders.  It  has  always  laciniated  broad  articuli  at  the 
apexes  of  some  branches,  which  was  a  character,  according  to  the 
author,  to  separate  Cor.  arhiiscula  from  Cor.  piliUifera. 

f.  intermedia  is  just  an  intermediate  form  between  the  above 
mentioned  two.  Un  a  case  where  all  the  pinnules  were  conceptaculi- 
ferous  we  are  almost  unable  to  separate  it  from  Cor.  officinalis,  L.  As  has 
been  already  noticed  by  Ruprecht,  the  terminal  articuli,  complanated 
obovate,  must  not  be  neoflected  to  distinocuish  from  the  latter. 
Besides,  there  may  be  found  two  minute  cylindrical  pinnules  at  each 
side  of  the  conceptacles  so  as  to  form  five  articuli  starting  from  one 
articulus.     This  character  is  rarely  found  in  Cor.  officinalis,  L. 

Found  at  the  low  tide  mark,  forming  a  dense  tuft  on  rocks  ; 
also  in  tide  pools.  /'.  Sororia  :  Hakodate  ;  Otaru  ;  Matsushima  ; 
Misaki.  /'.  ßliformis  :  Prov.  of  Bosh û  ;  Wakanoura  (Prof.  J.  Matsu- 
mura)  ;  Misaki  ;  Yenoshima  ;  Hakodate.      /'.  intenneJia  :  Hakodate. 
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11.    Corallina  squamata,  Ellis  et  Sol. 

PI.  III.  flg.  17  :      IM.  VII.  %.  17. 

Corallina  squamata,  P]lli.s  et  Sol.  ]>.  1  17. 

Lamarck  :      Mem.  du  AIus.  II.  ]>.  232. 

Lainx  :      Polyp.  Cor.  ]).  2<S7. 

Kütz  :      Spec.  A  Ig.  p.  706. 

Id  :      Tab.  Phyc.  AUL  Taf.  7(5. 

Aresch  :      in  d.  Ag.  Spec.  Alg.  FI.  p.  5(17. 
Cor.  squamata,  Park.  Harv  :   Phyc.  Prit.  PI.  201. 
Coi".  compressa,  Laiiik.  Mein,  du  Mus.  IL  p.  283. 

Lamx  :    Polyp.  Cor.  p.  28(>. 

Kütz  :    Spec.  Alg.  p.  70(5. 
Aiuphiroa  heterartlim,  Trevis.  Flora,  no.  27.  ]\  -IKk 

Among  tlie  collection  from  Hakodate,  I  liave  a  plant  densely 
tufted  upon  the  shell  of  a  muscle.  The  upper  portion  of  its  fronds  is 
simple  rosariform.  On  comparing  it  witli  the  specimen  kindly  given 
me  by  Mr.  M.  Foslie,  which  is  a  part  of  a  ])lant  he  got  from  the  late 
Prof.  Areschong,  I  found  oin-  ])lant  to  be  an  abnormal  form  of  the 
present  species.  There  is  no  uncertainty  in  inentioning  Cor.  squaniaia 
as  an  inhabitant  of  our  coast. 

At  loAv  tide  mark,  also  in  jiools  :    Hakodate. 

12.    Corallina  sessilis,  sp.  nov. 

PI.  III.  tig.   IS  :   PI.  VIL  fig.  IS. 

Ki'onde  com])lanata,  nudiusculo-sti])itata,  pinnato-ramosa  ;  arti- 
culis    inferioribus    teretibus,     superioribus     ramorumque    compressis 
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lu'xagoiialibu.s,  truiicatis  vel  .scutilormibus  subco.stato-clcviitis,  piniiu- 
laruiii  brevibu«  subcylindraceis  siirsiiin  atteimatis  ;  conceptaculis 
coinpressis  sessilibus  in  apice  pinnariuii  pinnularumque  iniDiersis,  veJ 
«aepe  brevissiiiie  pediinciilatis. 

It  is  C()m])aratively  small  plant,  measuring  o-5  cm.  in  height. 
The  main  articuli  are  evidently  ribbed  on  the  ventral  surfaces  and 
measure  1.  mm.  in  tlie  maximum  breadth,  with  iiearly  equal  length. 
The  c<)nce]itacles  are  either  sessil  when  they  are  inserted  in  the 
])innae,  or  with  short  compressed  peduncles  when  they  take  places  of 
the  ])innules.  They  are  rather  compressed,  and  two  or  three  are  often 
found  in  one  pinna  having  the  as})ect  of  those  of  Cheilosporum 
latissimuni.  (;fr.  PI.  II  û<r.  K!. 

At  low  tide  mark  :    Hakodate. 

13,    Corallina  kaifuensis,  sp.  nov. 

Pi.  [11.  fig.  li)  :    PL  VIL  fig.  19. 

Fronde  irregulariter  dichotonie  ramosa  ;  ramis  pinnatis,  circum- 
s(;riptione  rhomb(jidalibus,  jjinnis  sursum  sensim  brevioribus  ;  articuJis 
inferioribus  snbteretibus,  ramiferis  truncatis  vel  clav;itis  subcompressis, 
pinnarum  tenuioribus  cylindraceis  vel  linearibus  ;  conceptaculis 
terminalibus  ]najoril)us  obovatis  pedunculatis. 

The  fr<)nd  measures  2-r)  cm.  in  height  with  the  axial  and  the 
apical  articuli  somewhat  <;om])i-essed.  Those  of  the  pinnae  are 
generally  cylindrical  and  thin,  measuring  0.5-0.7Ö  mm.  in  length. 
Ojnceptacle  is  found  at  the  top  of  the  terminal  articulus  ef  each 
pinnule. 

At  low  tide  mark  :    Ivaifu. 
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14.    Corallina  confusa,  sp.  nov. 

PI.  rir.  fio-.  90  :  pi.  viL  %.  i>o. 

Fronde  teiiuissiiiiij,  siibtrichotoma,  irregiilariter  piiiuata  ;  articuli.s 
infimis  teretibiis,  siiperioribus  compresso-complanatis,  ramoriim 
cuneatis  vel  deltoideis,  pinnarum  subimbricatis  linearibus  vel  laiiceo- 
latis  sursum  dilatatis  ;  geniculis  punctiformibu.s  ;  conceptaculis 
globosis  Jonge  pediinculatis  vel  sessilibus  in  apice  agglomerates. 

[t  is  hardly  more  than  o  cm.  high,  with  all  of  its  parts  thin  and 
weak.  The  conceptacles  are  either  sessile  or  pedunculated  and  are 
found  at  the  apical  portion  of  the  frond  agglomerating  in  a  confused 
manner,  hence  the  name.  The  genicula  are  comparatively  large 
seeming  as  the  brownish  spots  over  the  fronds. 

It  covers  large  patches  of  rocks  at  high  tide  mark.  At  the  first 
sight  we  perceive  a  granular  mass  on  a  rock,  which  after  examing  is 
known  to  be  the  agglomerated  conceptacles  wholy  covering  the 
vegetative  portion  of  the  fronds.   Hakodate. 

June,  lî)()l. 

Botanical  Institute, 

Imperial  Ihdversity,  Tokyo. 
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PLATE  I. 


Plate  I. 

Figs.    I — 1).     Amp/iinxt   vahniioides. 
1  and  2.     Two  forms  of  the  I'roiitls,  x  Ca.  7. 
3.  A  longitudinal  section  through  a   hiaiiching  point  :     The   cortical 

parts   arround    the   genicula   are   not   yet   broken    ott".       Zeiss. 

'2  X  BB. 

Fig.  4.     Ainphiroa  cretacea,  End/. 
A  diagraniatic  figure  of  a  longitudinal  section  of  a  frond  :  the  medullary 
portion  is  hounded  with  a  dotted  line  ;  a  conceptacle  bulging  out  from 
the  cortical  part. 

Figs.  5 — ().     Amphiroa  rigkla,  Lainx. 
5.     A  diagramatic  figure  of  a  longitudinal  section  of  a  frond  ;  six  conceptacles 

are  seen  immersed  in  the  cortical  part.  Zeiss.  2  x  AA. 
C.     The  geniculum  of  the  same  section  more  magnified  ;  the  genicular  cells 

are  intertwixed  at  the  middle  portion  of  the  geniculum. 

Figs.  7 — 9.     Amphiroa  epliednea,  LamJc.  ,-l. 

7.  An  apical  part  of  a  branch  of  the  isolated  form,    x  Ca.  2^. 

8.  The  same  of  the  tuft  form,    x  Ca.  2|. 

9.  A  portion  of  a  longitudinal  section  of  an  articulus  of  the  isolated  form  ; 

from  fresh  material,  decalcified  and  fixed  with  chromic  acid  4%   sea 
water  solution.     Zeiss.  2  X  DD. 

Fig.  10.     Amphiroa  epltrdrtca,  Lavil'.  y. 
An  apical  i>art  of  a  branch,    x  Ca.  2|. 

Figs.   11 — -14.     Amphiroa   voiiafa. 

11.  A    Y>ortion    of    branch    magnified  :      The    terminal    furrows    and    the 

transverse  zones  are  clearly  seen. 

12.  A  portion  of  a  meridional   section  of  an   articulus  :  observe    that    the 

cortical  layer  is  very  thin.  Zeiss.  4  x  AA. 

13.  A   longitudinal   section   of  the   terminal    ])ortion    of   a    branch.       The 

cellular  arrangements  are  much   disturbed  at   the   furrow,  and   the 


incompletely   calcified  cells  are  dissolved  away  daring  the  process. 
Zeiss.  4  X  AA. 

14.  A  diagramatic  figure  of  a  cross  section  of  an  articulus  ;  the   boundary 

between  the  cortical  layer  and  medullary  part  is  shown  with  a  dotted 
line.  Zeiss  2  x  AA. 

Fiîïs.  15 — 10.     Amphiroa  ecJiigoensis. 

15.  A  portion  of  a  longitudinal  section  of  an  articulas  bearing  a  conceptacle  : 

the  cortical  cells  are  arranged  in  the  anticlinal  direction  forming  a 
thick  layer.  Zeiss.  4  x  BB. 

16.  A  diagramatic  figure  of  the  cross  section  of  an  articulas,  compare  with 

Fig.  14.     Zeiss.  2  x  AA. 

Figs^  17 — 21.     Amphiroa  dilatata,  Lmnx. 

17.  Diagramatic  figure  of  a  meridional  section  of  a  fertile  articulus,   with 

numerous  conceptacles.  Zeiss.  2  x  AA. 

18.  A  part  of  the  same  magnified.     The  periclinal  cells  are  interwoven  like 

a  mat.     From  a  fresh  material.    Zeiss.  4  X  BB. 

19.  A  part  of  the  cross  section  of  an  old  genicuium.  Zeiss.  4  X  DD. 

20.  A  longitudinal  section  of  the  same  :  transverse  thickenings  of  the  walls 

are  highly  developed,  with  connecting  canals  between  newly  formed 
intercellular  spaces.  Zeiss  4  X  DD. 

21.  An   upper   portion    of  a   frond,    showing    zonal    arrangement   of    the 

periclinal  cells  ;  the  space  bounded  with  a  dotted  line  indicates  the 
genicular  area  ;  this  area  stains  metachromatically  with  some  stain- 
ing reagents  after  decalcification.  Zeiss  2  x  AA. 

Figs.  22 — 28.     Amphiroa  pusilla. 

22.  A  cross  section  of  a  frond  through  a  conceptacle  ;  from  a  fresh  material. 

Zeiss.  2  X  BB. 

23.  A  diagramatic  figure  of  a  cross  section  of  an  articulus. 

Figs.  24—25.     Aviphiroa  misal-iensis. 
24  and  25.     Diagramatic  figures  of  the  cross  sections  of  the  articuli. 


Fig.  20.  Amphlroa  canaliculata  Mart, 
A  diagramatic  figure  of  a  cross  section  of  an  articulus.  Compare  the 
ribs,  depressions  and  canaliculations  in  28,  24,  25  and  2(3.  In  Amp. 
pusslla  the  dorsal  surface  is  costated,  while  in  the  others  the  ventral 
is  much  more  costated  :  in  A7)ip.  misakiensis  it  is  canaliculated  in 
the  dorsal  while  in  Amp.  canaliadata  in  the  ventral  side. 

Figs.  27 — 28.     Ampliiroa  crass Issima. 
Diagramatic  figures  of  the  cross  sections  of  the  articuH.    x  Ca.  7. 

Fig.  29.     Amphiroa  declinata. 
A  diagramatic  figure  of  a  cross  section  of  an  articulus.  x  Ca.  7.  Compare 
27,  28  and  29  ;  also  observe  that   the  conceptacles  are  projecting 
obliquely  toward  the  ventral  side. 
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PLATE  II. 


Plate  II. 

Figs.    I — 5.     Amphiroa  aherrans. 
I  and  '1.     i'ortions    of    some    abijornial     branches,    magnified  ;    cylindrical 

proliferations  and  the  spathiilate  branches  are  to  be  seen. 
'6.     A  meridional  section  of  a  solitary  conceptacle,  which  is  very  often  found 
immersed  in  the  top  a  projected  lobe.    Zeiss.  4  x  BB. 

4.  Cross  section  of  an  articulas  bearing  two  conceptacles,    Zeiss.  4  X  BB. 

5.  A  longitudinal  section  of  a  young  frond  with  a  geniculum  ;  a  part  of 

the  frond  of  a  Lithothamnion  is  deep  in  the  substratum  ;  the 
geniculum  is  perhaps  formed  of  several  zones  of  periclinal  cells,  but 
only  continuous  filaments  being  observed  in  the  section.  Prepared  by 
grinding.    Zeiss.  2  x  BB. 

Figs.  6 — 8.     Cheilosporum  anceps,  (Kiitz.). 

6.  A  portion  of  a  conceptaculiferous  branch,  x  Ca.  8. 

7.  Meridional    section   of  a   projected    angle    bearing   a   conceptacle  ;    the 

periclinal  cells  are  somewhat  undulating.  Zeiss  2  X  BB. 
S.     A  diagramatic  figure  of  the  cross  section  of  an  articulus   bearing  three 
concaptacles.    x  Ca.  7. 

Fig.  [K     Cheilosparimi  anceps,  (Kiif;:.).  vur.  viodesta. 
A  cross  section  of  an  articulus  for  comparison  with  the  typical  species, 
xCa.  7. 

Figs.   10 — 11.     Cheilosporum  californicuni,  {Dene.)  f 

10.  A  portion  of  branch,    x  Ca.  8. 

11.  Cross  section  of  an  articulus.    x  Ca.  7.  Compare  with  8  and  9. 

Figs.    12 — 13.     CJieilospormn  yessoense. 

12.  An    upper  portion   of  a  frond  bearing  conceptacles  in  the  top  of  the 

wings.    X  Ca.  3. 

13.  Diagramatic  figure  of  the  cross  section  of  an  articulus.    X  Ca.  7. 

Figs.  14 — 15.     Cheilosporum  yessoense.  f.  angusta. 

14.  A  portion  of  a  branch  with  cenceptecles  ;  some  are  immersed  in  the  top 


of  the  wings,  some  in  the  middle  of  an  articulus  ;  three  coiiceptacles 
have  their  roofs  broken  off,  and  piercing  holes  are  seen  as  its  result. 
X  Ca.  8. 

15.  A  diagramatic  figure  of  the  cross  section  of  an  articulus.    x  Ca.  7. 

Figs.   l(i — 17.     Cheilosporuiii  latlssimum. 

16.  Some  of  the  fertile  articuli  ;  each  articulus  bears  four  conceptacles  in 

the  figure,  immersed  in  the  external  margins  of  the  wings.      X  Ca.  3. 

17.  Diagramatic   figure  of   the    cross    section    of  an    articulus.     x  Ca.    7. 

Compare  18,  1.5  and  17  ;  and  observe  the  proportions  of  the  thickness 
and  breadth  of  the  articuh'. 

Figs.  18 — 19.     Cheilosporiim  maximum. 

18.  A  portion  of  a  fertile  branch  with  normal  conceptacles,  magnified. 

ly.     Cross  section  of  an  articulus  bearing  two  conceptacles  on  its   surface. 
Their  origins  are  deep  in  the  medullary  portion. 

Fig.  20.     Corallina  )iipponica. 
A  portion  of  a  fertile  branch,    x  Ca.  7. 

Figs.  21 — 24.     GoralUna  yenoshimensis. 

21.  A  portion  of  a  fertile  branch,      x  Ca.  7. 

22.  Diagramatic  figure  of  the  meridional  section  of  a  branch  through  a 

conceptacle.    Zeiss.  2  x  AA. 

23.  A  portion  of  a  longitudinal  section  of  an  articulus  to  show  the  cortical 

cells  and  the  periclinal  cells  ;  the  latter  have  the  large  communicating 
canals  in  the  cellwalls.  Zeiss.    4  x  DD. 

24.  A  portion  of  a  cross  section  of  the  same.  Zeiss.  2  x  DD. 
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Plate  III. 

Figs.   1 — 3.     CoraUina  decufisato-dichoto'ma. 

1.  A  portion  of  a  branch  attacked  by  Choreonema  Thiireti,  ScJnn.,  with  its 

conceptacles  frosted  on  the  branches,    x  Ca.  10. 

2.  A  portioi]  of  a  branch  without  parasite,    x  Ca.  10. 

8.  Longitudinal  section  of  a  branch  through  a  geniculum  ;  the  zonal 
arrangement  of  the  periclinal  cells  is  not  clear  in  this  species  ;  a, 
portions  of  the  penetrated  frond  of  the  parasite  stained  in  the  same 
degree  as  the  genicular  cells.  Zeiss  2  X  DD. 

Fig.  4.     Gorallina  adhœrens,  Lamx. 
A  portion  of  branch.    xCa.  10. 

Fig.  5.     CoraUina  arhorescens. 
A  portion  of  branch,    x  Ca.  10. 

Fig.  ().     Gorallina  radiata. 
A  portion  of  branch,    x   Ca.  10. 

Figs.  7 — 8,     CoraUina  ungalata. 

7.  A  portion  of  a  sterile  branch,  the  characteristic  articuli  are  shown  at  the 

upper  portions,    x  Ca.  10. 

8.  A  fertile  branch,  with  conceptacles  at  the  terminal  and  the  diverging 

points.    X  Ca.  10. 

Fig.  \).     CoraUina  itngulata,/.  hrevior. 
A  portion  of  branch,    x  Ca.  10. 

Fig.   10.     CoraUina  up. 
The  fertile  frond,  without  any  sterile  branch,    x  Ca.  10. 

Figs.    11  —  ll3.     CoraUina  officinalis,  L. 

11.  A  portion  of  the  branch  of  a.    X  ('a.  4. 

12.  do.  of /5.    xCa.  4. 
18.     do.  of  y.    X  Ca.  4. 


Figs.  14 — 16.     Corallina  pilulifera,  Post,  et  Rupr. 

14.  A  branch  oi  f.  filiformis  Rupr.      x  Ca.  7. 

15.  do.  of/.  Sororia  Rupr.    x  Ca.  7. 

16.  do.  of  /.  intermedia    X  Ca.  7. 

Fig.  17.     Corallina  squamata,  Ellis  et  Sol. 
An  abnormal  branch  with  monihform  branches  at  the  upper  part.    X 
Ca.  7. 

Fig.  18.     Corallina  sessilis. 
A  portion  of  fertile  branch,    x  Ca.  7. 

Fig.  19.     Corallina  kaifuensis. 
A  portion  of  fertile  branch,  the  conceptacles  in  the  terminal  articuli   of 
the  pinnules.    X  Ca.  7. 

Fig.  20.     Corallina  confusa. 
A  portion  of  fertile  branch,    x  Ca.  7. 
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PLATE  IV. 


The  figures  in  the  following  plates  are  all  in  :iatural  size  of  the  fronds. 

Plate  IV. 

Fig.  1.     Amphiroa  valonioides. 

Fig.  2.     Amphiroa  cretacea,  Endl. 

Fig.  8.     Amphiroa  cretacea,  Endl.  f.  rosariformis. 

Fig.  4.     Amphiroa  rigida,  Lamx. 

Figs.  5 — 6.     Amphiroa  ephedrœa,  Lamh.  ß. 

Figs.  7 — 8.     Amphiroa  ephedrœa,  Laml'.  y. 

Fig.  9.     Amphiroa  zonata. 

Fig.  10.     Amphiroa  echigoensis. 

Figs.  11 — 13.     Amphiroa  2>usilla. 

11.  Decumbent  frond  from  the  ventral  side,  conceptacles  are  seen  frosting 

on  this  side. 

12.  do.  from  the  dorsal  side. 

13.  A  frond  in  vertical  habit  ;  the  conceptacles  are  seen  on  both  sides. 

Figs.  14 — 15.     Amphiroa  canaliculata,   Mart. 
View  from  the  dorsal  side  :  conceptacles  are  seen  frosting  on  this  side. 
15.     View  from  the  ventral  side  :  two  canals  are  seen  running  along  the 
edges  of  the  articuli. 
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Plate  V. 

Figs,   1 — 3.     Ainphiroa  aherrans. 

1.  The  abnormal  forms,  with  proliferating  decussate  branches  ;  an  Amphiroa 

of  different  species  is  growing  together  with  Amphiroa  aberrans  in 
the  right  hand  tuft. 

2.  A  frond  in    less   aberrant   form  ;   broad,    spathulate   and    thin   articuli 

occurring  at  the  apical  portion  of  the  frond. 

3.  Normal  frond. 

Fig.  4.     Amphiroa  dilatata,  Lamx. 
View  from  the  dorsal  side  ;  some  of  the  branches  are  overturned  to  show 
the  couceptacles  growing  on  the  ventral  side. 

Figs.  5 — 6.     Amphiroa  crassissima. 
5.     The  sterile  fronds. 
G.     T^he  fertile  fronds  ;  the  right  hand  branch  is  seen  from  dorsal  side,  and 

the  middle  branch  from  ventral.     Observe  that  the  couceptacles  are 

on  the  ventral  margins  of  the  articuli. 


PLATE  VI. 


Plate  VI. 

Fig.  1.     Amphiroa  nüsaliensis. 

Fig.  2.     Cheilosporum  aiiceps,  {Kiitz.). 

Fig.  .3.     Cheilosporum  anceps,  (Kiitz.)  var.  modesta. 

Fig.  4.     Amphiroa  declinata. 
View  from  the  dorsal  side  ;  a  branch  in  the  lower  side  is  overturned  to 
show  the  attachment  of  the  conceptacles  at  the  ventral  margins  of  the 
articuli. 

Fig.  5.     Gheilosponim  yessoense. 

Fig.  6.     Cheilosporum  yessoense.  /.  angusta. 

Fig.  7.     Cheilosporum  latissimum. 

Fig.  8.     Cheilosporum  calif ornicum,  {Dene)  ! 

Fig.  9.     Cheilosporum  maxijnum. 
A  branch  is   seen  having   conceptacles  both  immersed  at  the   top   of 
pinnae  and  bulged  out  on  the  surface  of  the  articuli. 
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Plate  VII. 

Fi«,'.    I.     Corallina  nippnnicd. 

Fig.   2.     Corail  ilia  yniofiJiininisis. 

Figs,  (i — 4.     Corallina  decitsHato-dichofoma. 
8.     A  compact  form  grown  upon  a  hard  substratum. 
-J.     A  loose  form  epiphytic  on  other  alga. 

Fig.  5.     Corallina  adhœrewi,  Lamx. 
A    mass    of   frond    epiphytic    on    Digevia    simplrx,    Holvis,    with    Cor 
drn/ssafc-dicJiofoma  mixed  together. 

Fig.  6.  Corallina  arhorescens. 

Fig.  7.  Corallina  radiata 

Fig,  8.  Corallina  itn<^data.. 

Fig.  '.).  Corallina  vngnlafa,  f.  hrevior. 

Figs.   10 — 18.     Corallina  officinalis.  L, 

10.  a. 

11.  ß. 

12.  r. 

18.    r,. 

Figs.  14—  16.     Corallina  ■pilulifera.  Post,  et  Rupr. 

14.  /.  filiform  is,  Bupr. 

15.  /.  Sororia,  Rupr. 

16.  /.  intermedia. 

Fig.  17.  Corallina  stjuainata,  Ellis  et  Sol. 

Fig.  18.  Corallina  sessilis. 

Fig.  19.  Corallina  haifuensis. 

Fig.  20.  Corallina  confusa. 
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With  Plates  I— III. 


Some  umbelliferous  pLants,  possessing  a  strong  aromatic  constit- 
uent in  their  roots,  stems  and  leaves,  were  highly  appreciated  in  the 
Chinese  Materia  medica,  and  have  also  been  well  known  to  Japanese 
herbalists  from  remote  antiquity,  as  is  seen  in  some  well  known 
native  works,  such  as  Wamyörujushö,  Wamyö-honzö  &c.,  which  Avere 
written  at  the  beginning  of  the  ninth  century. 

Japanese  plants  were  not,  however,  known  to  any  Europeans, 
until  Kaempfer  who  arrived  in  Japan  in  the  year  1690,  who  described 
8  species  of  this  family  of  plants  in  his  "Amoenitatiim  Exoticarurn  " 
(1712).  Eighty-five  years  later,  Thuijberg,  who  also  visited  Japan 
mentioned  10  genera  and  16  species  of  the  same  family  in  his  "  Flora 
Japonica  "  (1784).  Still  later,  Siebold,  in  the  year  182.3,  came  to 
Japan  and  wrote  his  "Synopsis  Plantaruni  Oeconomicarum"  (1827), 
in  which  he  mentioned  only  14  species  of  that  family.  Since  the 
publication  of  these  pioneer  works,  our  flora  has  been  carefully 
studied  by  many  eminent  botanists,  such  as  Zuccarini,  Gray,  Miquel 


2  ART.  i  —  Y.  Y  ABE  : 

MuxiiiKJwicz,  Fninchet  and  others.  Franchet  and  Savatier's  elaborate 
"  Enumeratio  Plantarum"  appeared  in  the  years  1875 — 1879,  in  which 
24  o-enera  and  52  species  of  the  umbel] iferae  were  incorporated. 

At  present,  the  total  number  of  the  species  known  amounts  to 
about  40  genera  and  95  species.  Amongst  these  genera,  four  are 
restricted  to  northern  America  and  Asia,  viz.  Cœlopleurum,  Conio- 
selinum,  Osmorhiza  and  Phellopterus  ;  three,  to  northern  Asia  and 
European  Russia,  viz.  Pleurospermum,  Nothosmyrnium  and  Cenolo 
phi  urn. 

The  three  genera,  Cicuta,  Heracleum  and  Ligusticum  are  widely 
distributed  only  in  the  Northern  Hemisphere  ;  whilst  one  genus, 
Seseli,  has  relatively  a  wide  distribution  in  the  Eastern  Hemisphere, 
not  being  found  in  North  America.  The  remaining  genera  are 
almost  cosmopolitan.  Out  of  these  96  species,  only  twenty -eight  are 
endemics  ;  twelve  are  introduced  ;  four,  nowhere  to  be  found  in  our 
country,  must  be  excluded,  having  been  erroneously  recorded  as 
Japanese  by  the  previous  botanists. 

For  the  distribution  of  the  species  over  this  country  and  their 
relation  to  the  flora  of  other  countries,  two  tabular  lists  are  given  at 
the  end  of  this  paper. 

In  this  paper,  I  have  attempted  to  classify  all  the  umbelliferœ 
which  are  accessible  to  me,  from  Japan,  Liukiu  and  Formosa,  describ- 
ing them  from  the  materials  principally  preserved  in  the  herbarium  of 
the  Botanical  Institute,  Science  College,  Imperial  University,  Tokyo. 
The  generic  characters  are  üfiven  only  in  such  a  limited  sense  as  are 
applicable  to  our  flora,  and  are  arranged  according  to  Frof.  Drude.* 

In  conclusion  I  desire  to  express  my  hearty  thanks  to  Prof.  J. 
Matsumura,  at  whose  suggestion  this  investigation  was  undertaken,  and 

*  Enfler  u.  Praatl,  Nat.  Pflanzenfam.     III.  aht.  VITT. 
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under  whose  constant  supervision  the  work  has  been  carried  on.  I 
urn  also  indebted  to  Prof.  K.  Miyabe,  of  the  Agricultural  College, 
Sapporo,  and  to  Messrs.  T.  Kawakami,  T.  Makino  and  many  others, 
who  has^e  assisted  me  in  various  ways. 
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CONSPECTUS  GENERUM. 

I. — Fructu.s  il  latere  valde  compressus  v.  ad  commissumm  const- 
rictus  ;  endocarpium  e  stratis  cellulae  elongatae  vestitum  ; 
vittae  o.  Umbellae  simplices  v.  irregulariter  (^ompositae. 
Folia  indivisa  vel  palmata,  stipulata. 

O     Mericarpia  5 — costata Hydrocotyle. 

O     Mericarpia  7 — 9— costata,  reticulata Centella. 

II, — Endocarpium  laolle  ;  e[)icarpium  echinatum  ;  commissura  lata. 
Folia  palmatim  3-5 — socta.  Umbellae  parvae  subcorymbosae, . . 
Sanicula. 

III. — Endocarpium  molle;  vittae  (ad  valleculas  interdum   intraju- 
gales)  conspicuae  rarissime  déficientes. 
O     Semen^facie  sulcatum  v.  excavatum. 

(g)     Fructus    oblongus    v.    linearis,   apice  interdum  rostratus, 
.     .      .  exalatus. 

^     Fructus    oblongus     basi    attenuatus  ;    juga     primaria 
prominula  ;   vittae   intrajugales   vix   conspicuae,   valle- 

culae  o Osmorhiza. 

/\     Juga  prominula   v.   inconspicua  ;   fructus    basi    rotun- 
datus  nee  attenuatus,  plus  minus  rostratus. 

Q      Fructus  ovato  oblongus,  rostrum  brevius 

Anthriscus. 

n      Fructus  longe  rostratus Scandix. 

(g)     Fructus  ovatus  oblongusve  a  dorso  subcompressus,  setosus. 
^      Fructus   ovatus,  semen  facie   sulcatum,  juga    primaria 
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ob^cura,  echiuata.     luvolucra  oligophylla,  petala  alba... 

Torilis 

/v,      Fructus    obloijgiis,    semen    facie    profunde    involutum, 
involucnim   saepe  nullum,   l^etala  alba   v.  rosea,  setis 

viridibus Caucalis. 

(§)     Fructus  subglobosus  glaber  jngis  in  sicco  vix  prominulis  ; 
semen  stratis  lio-nosis  tectum Cummdrum. 

o 

(o)     F'ructus  ovatus,  juga  plus  minus  elevata  ;   endocarpium 
membranaceum  vittis  adhaerens. 
^     Folia  pinnatim  decomposita,  segmentis  parvis.     F'ructus 
late  ovatus,  vittae  inconspicuae.     Carpophorum   indivi- 

sum. Coniavi. 

^     Involucra    foliacea  ;     fructus    oblongo-ovoideus,    jugis 
argute    elevatis,    vittae    ad    valleculas    solitariae    v.    2. 

Carpophorum  bipartitum Pleurospermum. 

O     Semen  facie  planum  v.  convexum  rarissime  concavum. 
(o)     Juga  omnia  subœqualia,  semen  transverse  semiteres. 
£^     F'ructus  a  latere  compressus  ad  commissuram  constrictus^ 
juga  vix  prominula  (carinte). 

□  Folia  intégra,  petala    flava  involuta 

Bupleurum. 

□  V^ittae  ad  valleculas  rarissime  intrajugales  v. 
inconspicuae,  juga  üliformia  œqualia,  petala  apice 
inflexo-acuminata  v.  subplana. 

*      Fructus  ovoideus  v.  late  ovatus.     Mericarpia  glabra^ 
vittae    valleculae    solitariae.       Fetala    ovata    apice 
acuta, 
f     Petala  alba. 

a)  Calycis  margo  obsoletus Apium. 

h)  Calycis  dentés  acuti Cicuta. 
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t      l'etala  flava. 

*  Fructus  elongato-ovatus  v.  cvliudricus,  valleculae 
1-vittatae. 

f  Flores  paniculati.  Mericarpia  jugis  dorsalibus 
5  commissuris  2  instructa,  fructus  auguste 
oblongus Cryptotaenia. 

f     Flores  umbellati Carum. 

*  Fructus  ovatus  basi  emarginatus.  Semeu  facie 
planum  vel  vix  sulcatum.  Valleculae  multi- 
vittatae  v.  o. 

f     Viftae  o,  juga  primaria  fîliformia...7Egopodium. 

a)  Caulis  scapiformis Chamsele. 

/>)  Caulis  foliosus Euasgopodium. 

f     Yittae   oc. 

a)    Involucri  bractea  nulla  v.  parva  caduca. 

Carpophorum  bipartitum Pimpinella. 

/))    Involucra  et   involucella   magna    persis- 
tentia.     Calycis  dentés  obsoleti. 

Fructus  orbiculato-ovatus 

N^othosmyrnium. 

6")    Involucra  et  involucella   oo.   Calycis  lobi 

prominuli .  Carpophorum  indivisum 

Sium 

Z:^     Fructus   globosus    oblongus    trans  verse    subteres    v.    a 
dorso  compressus.     Juga  primaria   prominula  v.  alata. 
Semen  transverse  subteres  (Seselinae). 
n      Juga  primaria  subœqualia,  exalata. 

*  Fructus  oblong-us.  Jusfa  omnia  obtusissime  sube- 
rosa.  Carpophorum  o Œnanthe. 

*  Fructus  jugis  liliformibus  villosus. Seseli. 
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n      rhigii     hitcruli:!     in    ala«    augustas     expunsa.        Foliu 
pinnatim  ilccomposita,  laciiiiis  linearibu.s. 
•^      Juga    marginalia     alata,     IViictus     a     dorso     valde 
cornpre«sus Auellnuu. 

*  'Inga  Diîirgiiiulia  vix  alata. 

n      Juga  omnia  in  alas  plus  minus  cxpansa. 

*  Semen  endocarpio  adherens. 

f     Vittae   valleculae   solitariae Criidium. 

f     Vittae  vallecidae  2  v.  3 Ligusticam. 

*  Semen  nucleafum. 

f     Valleculae  1 — vittatae Cenolophium. 

f     A  alleculae  2-3-vittatae Cœlopleurum. 

(o)     Friictus   a   dorso   valde   compressus.      Juga   dorsalia  vix 
elevata,  lateralia  in  alas  late  expansa. 
A      Fructus  alae  laterales  membranaceae. 

n      Caulis     plerumque     robustus.        Folia     ternato-      v. 

pinnatim  decomposita Angelica. 

n      Folia  bi-tripinnata,  chœrophylloidea 

Conioselinum. 

A      Fructus  etiam  tota    planta  villosa.     Juga  omnia  alata 

fequalia,     Semen  valde  compressum Phellopterus. 

A      Fructu.s  margo  crassiusculus. 

n      Folia     pinnatim     decomposita,     laciniis     linearibus. 

\'ittae   ac  v.  obscurae Ferula. 

n      Juga     marginalia    coriacea.     A^ittae    ad      valleculas 

solitariae,  conspicuae  v.  2 — o Peucedanum. 

n      Folia  pinnata.    Vittae  ad  valleculas  soliteriae,    com- 

missurae  breviores Fastinaca. 

A     Fructus    plano-compressus    v.     vix     medio    convexus, 
margine    alaeformis.       Vittae    ad    valleculas    solitariae 
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fnictu  breviores.  l^etahi  radiatii  inneqiialia 

Heracleurn. 

(o)     'h\gii  secundaria  prominula  primaria  subaequantia. 

/\      Fructus  glaber '.' .; Suer. 

A      Fructus  setosus.  Involucri  bractae  dissectae 

Daucus. 


10  AKT.  4  -Y.   YABK 


DESCBIPTIO  8PECIERUM. 


Hydrocotyle  l^i»»- 

LiiJii.  Gen.  n.  825;  Willdenow,  SP.  PJ.  p.  1360; 
A.  Richard,  Monogr.  d.  ileii.  Hydroc.  in  Ann.  Soc.  Phys. 
pur.  IV  ;  Kdch,  Gen.  Trib.  PI.  Umb.  p.  144  ;  De  Candol, 
Prodr.n\  p.  59  ;  Endlicher,  Gen.  PI.  IL  p.  763  ;  Henth. 
et  Hoolk.  Gen.  PI.  I.  p.  872;  Haillon,  Hist.  d.  PI. 
VII.  p.  234  ;  Drude,  in  Engl,  et  Prantl.  Xat.  Pfl.  Farn, 
theil  Ill.abt.  VIII.  p.  116. 

Flores  bisexuales  vel  interdum  unisexuales,  calycis  dentés 
minuti  vel  obsoleti,  petala  minuta  acuta  valvata,  styli  a  basi  filiformes; 
fructus  a  latere  compressus,  jugis  primariis  nerviformibus,  dorsalibus 
prominulis,  lateralibus  in  commissuram  latentibus,   secundariis   incon- 

spicuis  ;   vittae   o  ;  carpophorum  indivisum. Herbae   perennes   v. 

annuae,  prostratae  ad  nodos  radicantes,  vel  rami  innovanti  erecti  ; 
folia  palminervia  v.  palmatifida  ;  stipulae  parvae  scariosae.  Umbellae 
simplices  plerumque  capitatae  vel  laxe  subcompositae  ;  involucri  o 
vel  pauciphylli. 

1.  H,  Javanica  Thumb.  Dissertatio  p.  415  .  t.  3;  A. 
Richard,  Monogr.  p.  65.  no.  41  ;  Spreng.  System  Veget.  I.  p.  877  ; 
DC.  Prodr.  IV.  p.  67  ;  Miquel.  Fl.  Ind.  Batav.  I.  pt.  1.  p.  734  ; 
Hance  in  Journ.  Bot.  XXI.  p.  321  ;  Hiern  in  Oliv.  Fl.  Trop.  Afr.  Ill 
p.    4  ;   C.    P>.   Clarke  in   Hook.   f.  Fl.  Br.  Ind.  II.  p.  667  ;  Maxim,  in 
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Mel.  ]^>iol.  Xll.  p.  462  ;  Forbes  et  Hemsl.  Ind.  Fl.  Sin.  1,  in  Journ. 
Linn.  Soc.  XXVIII.  p.  825  ;  Hemsl.  et  Coll.  in  Journ.  Linn.  8oc. 
XXVIIÏ.  p.  ()1  ;  Henry,  A.  List.  PI.  Formos.  in  Trans.  Asia.  Soc. 
Jap.  vol.  XXIV  snppl.  p.  47  ;  Ito  et  Matsumura,  Tentarn.  Fl.  Lutcli. 
I.  p.  260  ;  Diel,  Fl  Centr.  China  in  Engl.  I^ot.  Jahrb.  XXIX  p. 
490. 

H.  tiepalenais  Hook.  DC.  Prodr.  l\ .  p.  65  ;  Miq.  Fl.  Ind.  Bat.  I 
pt.  1.  p.  735.  var.,  Miq.  Cat.   Mus.   Lugd.   Vrai.   Fl.  Jap.    p.    40  ; 

Miq.  Pro]  Fl.  Jap.  p.  243  ;  Fr.  et  Sav.  Enum.  PI.  Jap.  I.  p.  178. 

H.  jxjlifcephala  Wight  et  Arn.  Prodr.  Fl.  Pen.  Ind.  Or.  I.  p. 
366;  Wight,  Illustr.  Ind.  P>ot.  I.  t.  117.  f.  1  ;  Wight,  Icon.  Ind.  Or. 
t.  1003. 

H.  zei/lauica  Dc.  I.e.  p.  67  ;  Wight  et  Arn.  Prodr.  I.  p.  366  ; 
Miq.  Fl.  Ind.  Bat.  I.  pt.  1.  p.  734. 

H.  hirsuta  Blume.  Bijdr.  p.  884  ;  Zolling.  Syst.  Verz.  Ind. 
Arch.  p.  139. 

H,  hlrta  Ruhr.  mr.  aaUiloha  F.  Muell.  in  Benth.  Fl.  Austral. 
IIL  p.  340. 

Caule  repente  })lus  minus  decumbente  ;  foliis  orbiculatis  v. 
cordato-reniformibus  6 — 8  cm.  vel  latioribus,  7-lobatis,  7-nerviis,  lobis 
angulatis  crenati.s  puberulis  ;  pedunculis  petiolo  brevioribus  ;  umbellis 
dense  capitatis  ;  fructibus  parvis  purpureo-punctatis. 

Nohl  jap.  Obâchidomegusa. 

Icon.  jap.  Honzozufu  XXXVI.  fol.  1.  recto,  tig.  med.;  Sômoku- 
zusetsu  vol.  IV.  fol.  63.  ed.  I.  sub.  Chidome-gusa  foliis  magnis  ; 
Shitsumon-honzo  Gwaihen  III.  t.  3. 

Hah.  Honshiu  uieridiûnale.— Prov.  Awa  :  in  valle  huuiida  montis  Kiyosumi  ;  Prov. 
Sagami  :  Tôgamine  in  jn<jo  Hakone  (Herb.  Mus.  Imp.);  Prov.  Yamato  :  in 
monte  Kasugayama  (J.  Matsumura). 

Shikoku — Prov.  Tosa  :  in  pago  Hônokawa  (K.  Watanabe,  julio  fl.  et  fr). 
Kiushiu — Prov.  Hizen  :  Nagayama  iu  Nagasaki  (Sec.  Maxim)  :  Prov.  Chikuzen  : 
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iu   iiicntu    Kotiliozan    (Nai^atio)  ;    J'rov.    Sutsuma.  :    Öliiroya,iii:i     (T.     L'tîhiyainti)  ; 

Ins.  Tsusliiina  :  iu  montu  Tateiayaiiia  (ip«<-')- 

Liukii) — Ins.    Amaini — 0>.lüina:    iu    Miyaiiiatitn  iutcr    Vainatohauia    et  'l'akiMi 

(«ec.  Ito). 

Poruiosa — Koluufj  ('I'.    Makiim)  ;   K.co   non  iudicalo  (Uycuo)  ;  Bankins-in^  (sec. 

Henry). 

Distrih.  Cliiiiu  au.sfr  :  (':uit(jn  ;  lii(li:i  orieutali  ;  Hiniulayu 
Khasia,  ]\[alabar,  Ceylon,  Decan  ;  Malaya  ;  Java  ;  Phillippina?  ;  Aust- 
ralia ;  Nova  Zelandia  ;  Africa. 

In  speciminibus  ex  ForniDsa  tolia  iiiiiiora,  lobi  niargo  ob.soJetus 
nee  angulatu.s,  iis  nepalensibu-s  similibus  videtur  ;  stipulae  parvae 
membranaceae  ;  frnetus  rite  orbieulatus. 

-^.  H.  COnferta  Wiglit.  [eon.  Ind.  Orient,  t.  1002  ;  C.  P>. 
Clarke  in  Hook.  f.  Fl.  P.r.  Ind.  II.  p.  OGS. 

Flerba  deeuinljen.s  setulosa  v.  pubeseens  ;  folii«  reiiiforniibus  v. 
eordatis  orbieulatis  oUsolete  7-9-lobulatis,  7-9-nerviis,  erenatis  subinte- 
grisve  ;  rainis  axillaribus  ;  petiolis  brevibus  pabescentibus  ;  stipulis 
subtriangulatis  coriaeeis  ;  umbellis  multiÜoris  oblongo-capitatis  subses- 
silibus;  fructibus  orbiculatis  parvis. 

£iul).       Formosa:  a  Dikiii  usque  'I'suiboliu  (C.  Owataii.  .lanualio  fl.  et  fr.) 

Distr.  India  orientali  :  Nilagiri. 

Folia  3  cm.  diaui.  forma  et  ma":nitudine  valde  variabilia  ri^idula 
basi  subeordata  v.  subacuta  ;  umbellae  ad  nodum  ortae.  Antécédent! 
valde  affinis,  differt  umbellis  sessilibus. 

'î.  H.  rotundifolia  Hoxb.  Fl.  Ind.  II.  p.  (;{>8  ;  DC.  Prodr. 
rV.  p.  64  ;  Wighr,  Illustr.  Ind.  liât.  t.  504  et  le.  Fl.  Ind.  Orient,  t. 
ÔG4  ;  Henth.  Fl.  Hongkong,  p.  134  ;  C.B.  Clarke  in  Fl.  Br.  Ind.  II.  p. 
G(;<S  ;  Maxim,  in  Mel.  biol.  XIL  p.  461  ;  Forbes  et  Ilemsl.  Ind.  Fl. 
Sin.  I.  p.  825  ;  Henry,  List.  Fl.  Form,  in  Tr.  Asia  Soc.  Jap.  XXIV 
Su[)pl.  p.  47  ;  Ito  et  Matsumura,  Tentam.  Fl.  Lutch.  sect.  I.  p.  259  ; 
Diel,  in  Engl.  Bot.  Jabrb.  XXIX  p.  491. 


KEVISIO  UMBELLIFERARUM  JAPONICARÜM.  13 

H.  nüulula  A  Jlichîird,  Monogr.  p.  GO,  no.  35,  fig.  33  ;  Spreng. 
Syst.  Veget.  1.  p.  877  ;  DC.  I.e.  p.  06  ;  Zoll.  Syst.  Verz.  Ind. 
Archip.  p.  131)  ;  Hiern  in  Oliver,  Fl.  Tr.  Afr.  III.  p.  5  ;  Miq. 
Prol.  p.  243. 

H.  SiJitliorpioides  Lam.  Encyel.  III.  p.  153  ;  Spr.  Syst.  Veg. 
l.p.  877  ;  DC.  I.e.  p.  6G  ;  Fr.  et  Sav.  Enum.  Fl.  Jap.  I.  p.  178. 

H.  pu  net  icu  lata     Miq.  FI.  Ind.  lîatav.  I.  pt.  1.  p.  733. 

//.  Zollingeri  Molkenb.  Miq.  Fl.  Ind.  lîatav.  1.  pt.  1.  p.  733  ; 
Zoll.  Syst.  Yerz.  p.  139. 

H.  tenella  Don.  in  DC.  i.e.  p.  ()4  ;  Wight  et  Arn,  Prodr.  I.  p. 
366. 

H.  (jlahrata      jjlack.  (sec.  Miq.) 

H.  hatvachimn  Hanee  in  Ann.  Se.  Nat.  4""'  Ser.  XVIII.  p.  220. 
Caille  repente,  foliis  orbiculato-cordatis  v.  reniformibus  basi  profunde 
fissis,  glabris  nitidulis  v.  pubescentibus,  5-7-nerviis,  5-7-lobatis, 
lobis  tridentatis,  circa  l/g-l  cm.  diam.;  petiolis  gracilibus,  1-3 
cm.  longis,  pedunculis  subœqualibus,  stipulis  membranaceis  ;  umbellis 
3 — 15 — floris,  tloribus  minutis  subsessilibus,  involucri  phyllis  paucis  ; 
fructibus  orbiculatis  compressis  interdum  puncticulatis. 

Nom.  jap.  Cliidomegiisa. 

Icon.  jap.  Honzözufu  XXXVII.  fol.  1.  recto,  fig.  super  et  inf. 
Hab.     In  varus  locis  :  humidis  sylvaticis,  macribus  fere  ubique. 

Prov.  Rikuzen:  Iwakiri  (Herb.  Makiiio)  ;  Prov.  Iwashiro:  circa  Oppidum 
Fiikushima  (K.  Neinoto)  ;  Prov.  Musashi  :  Circa  urbem  Tokyo  (Ipse  !  a  Majo 
usque  in  Octobrem  fl.  et  fr.);  Prov.  Sagami:  iti  jugo  Hakone  (forma 
nitidula  !),  Yokoska  (Savatier!  sec.  Franch.),  Yokohama  (sec.  Maxim.);  Prov. 
Suruga:  ad  pedeui  montis  Fuji  (J.  Matsumura)  ;  Prov.  Ise  :  in  cppidulum 
Yokkaichi  (K.  Taai)  ;  Prov.  Izumi  :  Yamada  (S.  M.itsuda). 
Shikoku — Prov.  'i'osa  :  Sakawa  (T.  Makino). 

Kiu.shiu -Prov.  Hizen  :   Nagasaki   (Oldham);    ins.    Tsushima  (ipse).    Liukiu— 
Insula  Okinawa,  ad  Shuri  (T.  Ito  ex  Tentam.).  inter   Xafa  et  Tchatan  (sec. 
Ito)  ;   in   ins.    Miyako   circa    Gushiku    (Tatitu  !)  ;    loco   non    indicato    (Benth. 
et  Wright!) 
Formosa— Taipe  in  regione  boreali  (C.  Owatari)  ;  Pekoh  (T.  Makino)  ;   Manga 
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(T.  Makino)  ;  K'elunf;  (T.  Mjikino  ;  jurisdictioue  'l'aitoo,  in  pratis  Pinang 
(Y.  'l'nshiro)  ;  B.yolitsn  (Houda);  loco  non  indicato  (Uyeno)  ;  Takaw  (sec. 
Henry). 

Distrib.  China  australi  :  Iviaiigfsii,  Iviangsi,  Iliipeh,  Kwangtung, 
Hanchow  (C.  Ovvatari,  juriLo  1897)  ;  Himalaja,  Herigal,  Malabar, 
Zeylonia,  Malaya,  Australia,  Africa. 

Adnot.  In  speciminibus  omnibus  in  Formosa  lectis  :  caule  repente 
terete  filiforme,  foliis  longe  petiolatis  supra  glabris  subtus  pilosulis 
profunde  tripartitis  ;  lobis  cuneatis,  inciso-dentatis,  iobis  lateralibus 
biödis,  petiolis  gracilibus,  apice  puberulis,  stipulis  membranaceis 
obcordatis  ;  umbellis  dense  capitatis  7-floris  ;  pedunculis  petiolo  brevi- 
oribus  ;  fructibus  orbiculatis  jugis  lateralibus  conspicuis.  Species  in 
generali  H.  tripartitae  (Rieh.  Monogr.  no.  46.  fig.  25)  arete  similis. 

Var.  paucifiora  i««  Caule  repente,  foliis  giabris  nitidulis 
reniformibus  ô-7-lobis,  5-nerviis,  lobis  3-dentatis,  basi  latissime 
sinuatis,  5-6  mm.  latis,  stipulis  ovatis  parvis,  petiolis  peduculis 
longioribus  vel  subœqualibus  ;  umbellis  3-  rarissime  4 — fioris  ; 
involucris  8-4-[)hyllis  setaceis,  fructibus  orbiculatis  5-jugis,  jugis 
lœvibus. 

Müh.       Prov.  Musashi  :  in  umbrosis  huinidis,  circa  urbeui  Tokyo. 

Saepe  cum  typo  crescens.     A  Junio  ad  Octobrem  fi.  et  fr. 

4.  H.  Wilfordi  Maxim,  in  Mel.  biol.  XII  p.  463  ;  Forbes 
et  llemsl.  Ind.  Fl.  8in.  I  p.  326  ;  Palibin,  Consp.  FI.  Ivor.  I.  p.  9(). 

Caule  prostrato  ramis  innovantibus  erectis,  foliis  orbiculatis  v. 
reniformi-cordatis  circa  8  cm.  diam.  obsolete  7 — lobis,  lobis  3 — crenatis 
ad  nervös  setosis;  petiolis  3 — 10  cm.  longis  apice  puberulis;  stipulis 
rotundatis  membranaceis  ;  pedunculis  18 — 40  mm.  longis  ;  umbellis 
multifioris,    fioribus  brevi  pedicellatis   dense  capitatis  (pedicellis  ^ — 1 
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mm.  longis),  petalis  viridescentibus  triangularibus  staminibiis   petalis 
œquilongis  antheris  flavis  demum  brunneis,  fructibus  orbiculatis  com- 
pressis  utrinque  costatis  1.5-1  mm.  longis. 
Nom.  jap.  No  chidoine. 

£lüb.       Ins.  Hokkaido — Prov.  Oshiuia  :  Hakodate  (MiyaV>e  et  Tokubuclii)  ;  Prov.   Iburi  : 
Oshainanbe  (Herb.  Kawakami.)  Au^usto. 

In  Honshiu  boreali  Prov.  Mutsu  :  in  agris  Tokiwano  prope  Aomori  ;  Prov. 
Iwashiro  :  in  tractu  Aizu,  circa  pagum  Mouiwa  (Herb.  Makino);  Prov.  Shinano: 
in  monte  Wadatoge  (ipse),  in  monte  Shimizutôge  (Makino)  ;  ins.  Sado  :  in 
monte  Kiu)poknsan  (S.  Okubo)  ;  Prov.  Musasbi  :  in  pratis  circa  urbem  Tokyo 
(Majo  fl  !)  ;  Prov.  Saijami  :  Yokobama  (sec.  Maxim  ,  Uraga  (ipse)  ;  Prov.  Izu  : 
Yoshida  ;  Prov.  Ise  :  prope  Yokknichi  (K.  Tani)  ;  Prov.  Ömi  :  in  monte 
Ibiikiyama;  Prov.  Izumi  :  Asaka  (S.  Matsuda)  ;  Prov.  Harima  ;  ad  pagum 
Kajimamura  (U.  Ôgami). 

Kiusbiu — Prov.  Buzen  :  in  monte  Iwatake  (Matsumura  et  Yatabe)  ;  Prov. 
Bungo:  Oita  (A.  Ideta)  ;  Prov.  Chikuzen:  Okawa  mura  (K.  Nagano);  Prov. 
Higo  :  Kunmmoto  (S.  Sato  ex  herb.  KavFakaini  et  ipse);  ins.  Tsushima 
(ipse). 

Distnh.  Korea. 

5.     H,  railliflora  Maxim,  in  Mel.  biol.  Xlf.  p.  46o. 

Caule  glabro  gracili  subascendenti  ;  foliis  orbiculatis  oblongis 
quasi  peltatis  v.  rarius  reniformibus  crenulatis  ;  stipulis  ovatis  ; 
pedunculis  petiolis  longioribus,  umbellis  capitatis  multifloris,  pedicellis 
brevibus  ;  fructibus  valde  compressis  orbiculatis  utrinque  costatis. 

Müh.       Hokkaido— Prov.  Shiribeshi  :  Zenibako  (J.  Matsumura)  ;  Prov.  Oshima  ;   Hako- 
date (sec.  Maxim). 

Uonshiu — Prov.    Iwashiro:    in  pago   Moniwa  (Herb  Makino);    Prov.  Echigo  : 
Sa-saguchi    (K.   Yendô)  ;    Prov.    Musashi:  circa   Tokyo   (T.    Makioo    et   ipse 
Kanagawa  (T.   Makino)  ;  Prov.  Shimotsuke  :  Nikkô. 

Omnibus  partibus  antecedenti  similis,  difFert  foliis  subpeltatis 
atroviridibus  glabris. 

Centella  L. 

Linn.  Gen.  n    1051;   Urban  in   Marti,  Fl.   Brasil,   vol.   XI. 
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fasic.  1"  ;  Drude  in  Nut.  I'tl.  f:iin.  11  [  :ibt.  VIJI.  p.  119. 
Hydrocotyle  (subgeii,   Centella)  in   DC.    IVodr.   IV.  p.  88  ; 
Richard.  Monougr.  p.   40  ;    JMidl.  Gen.  PI.   p.   7G3  ;    Benth. 
et   Hook.  (ren.    PI.   I.    p.   87:];    liailJon,    Hist.    d.    1*1.    VIL 
p.  13i). 

Flores    omnes  perfecti,  calycis  dentés  niinuti  ;   petala  ovata   im 
brieata  ;  fructus  a  latere  coinpressus,   ad   C(3mniissuram    latior  ;   meri- 
carpia    glabra    v.    hirta    7-9-costata    reticulata — Herba    repens  ;  folia 
orbiculato-reniforniia    integerrima    interdum    incisa  ;   umbellae  pler- 
umque  triflorae,  involucri  2-bracteati. 

I.    Centella  asiatica    l^^i^j-  '»a  "Marti.  Fl.  Brasil,  vol.  XI. 

fasc.  1"  (1879);  Drude  in  Nat.  Pfi.  Fani.  Ill  abt.  VIII.  p.  119  ; 
Britton  et  P)rown,  Illustr.  Fl.  North.  St.  &.  Can.  IL  p.  541  ;  Diel,  in 
Engl.  Bot.  Jahrb.  XXIX  p.  491. 

Hiiilrocotijlc  asiatica  L.  Sp.  234  ;  Willd.  Sp.  PI.  p.  1362;  Thunb. 
Fl.  Jap.  p.  110;  Aiton,  Hort.  Kcm'  II.  p.  118  ;  A.  llichard,  Monogr. 
p.  40  no.  15  fig.  11  ;  lloxb.  Fl.  Ind.  11.  p.  88  ;  Spr.  Syst.  Veg.  I.  p. 
875  ;  DC.  Prodr  IV  p.  G2  ;  Wight  et  Arnot.  Prodr.  Fl.  i^en.  Ind.  I.  p. 
366.  no.  1130  ;  Wight,  Illustr.  Ind.  Pot.  t.  565  ;  Wight,  Ic.  PI.  Ind. 
Or.  t.  565  ;  Hook,  et  Arnot.  Pot.  Peech.  V  oy.  p.  ^i)  ;  Seeman,  Fl. 
Vitiens.  p.  113  ;  l*enth.  Fl.  Hongkong,  p.  134  ;  Muell.  Fragni. 
Phytogr.  Austr.  VII.  p.  147  ;  Penth.  Fl.  Austr.  III.  p.  346  :  Miq. 
Prol.  Fl.  Jap.  p.  243  ;  Fr.  et  Sav.  Enuni,  PI.  da]).  I.  p.  178  ;  Harvey 
et  Sonder,  Fl.  Cap.  IL  j).  527  ;  W.  P.  Hiern  in  Fl.  P»r.  W.  Ind.  p. 
307  ;  Henisl.  in  Re]).  Voy.  Challeng.  bot.  Atl.  Isl.  p.  35  ;  C.  P.  Clarke 
in  Hook.  f.  Fl.  Pr.  Ind.  II.  p.  669  ;  Maxim.  Mel.  PmoL  XII  j).  461  ; 
Forbes  et  Hemsl.  Ind.  FL  Sin.  I.  p.  324  ;  Coult.  et  Rose  Rev.  N.  Am. 
vmib.  p.  136  ;  Hemsl.  et  Coll.  in  Journ.  Linn.  Soc.  XVIII.  ]>.  61  ;  F. 
Reinecke,    Fl.    d.    Samoa    ins.    in    Engl.    Pot.  Jahrb.    XXV.    j).  663  ; 
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Trimeii  Handb.  FI.  Ceyl.  IL  p.  270  ;  Henry  in  Tr.  Asia  Soc.  Jap. 
XXIV.  supp].  p.  47  ;  Ito  et  Matsumura,  Tentam.  FI.  Lutch.  I.  p. 
257. 

HydrocotiiU',  inimmularioiàes  A.  Ivicharcl,  Monogr.  p.  36,  no.  11, 
Üg.  9  ;  Spr.  Syst.  ^^eg.  I.  p.  875  ;  DC.  Proclr.  IV.  p.  63. 

H.  asialica  L.  rar.  hehccarpa  Hassk.  ?1.  Jav.  Uar.  p.  459  ;  Zoll. 
Syst.  Verz.  Ind.  Arcliip.  p.  138. 

H.   liebcairpa  et  inœqualis  DC.  I.e.  p.  63. 

H.  cordifoUa     Hook.  f.  in  Hook.  le.  Fl.  IV.  p.  303. 

H.  dentaid     A.  Richard,  Monogr.  p.  42,  rjo.  16,  fig.  22. 

H.   ficarioldi's     Lamk.  Eucycl.  III.  p.  153  ;  Rich.   I.e.   p.    37,    no. 

12,  fig.  12. 

H.  ahbreviaUt  A.  Richard,  Le.  p.  43,  no.  17,  fig.   19  ;    DC.  I.e.  p 

63. 

H.  repanda     Fers.  Spr.  Syst.  Veg.  1.  p.   875  ;   Chapm.   FI.    S.U. 

St.  p.  159. 

H.   lumUa      Lamk.  ].e.  III  p.  152. 

H.   hreripes,  pallida  et  ß.  Integra  DC.  I.e.  p.  63. 

Trisanthus  cocliincliiNensis  Lour.  Fl.  Cochinch.  ed.  AVilld.  p.  219.  ■ 

Herba  perennis  glabra  v.  villosula,  eaule  prostrato,  foliis  pediin 
culisque  ad  nodos  faseieulatis  ;  foliis  orbiculatis  reniformibus  5-7- 
rariiis  9-nerviis,  nervis  elevatis  subdichotomis  reticulatis,  2-6  cm. 
diani.  œqualiter  crenatis  vel  siib-integris  ;  petiolis  5-20  cm.  longis 
basi  plus  minus  vaginantibus  ;  psdunculis  brevibus,  petiolis  pedun- 
culisque  juvenil  ibus  puberulis  ;  umbellis  3-rarius  4-floris,  sty  lis 
brevibus  ;  involueris  2  ovatis  glabris  v.  puberulis  ;  fructibus  a  latere 
compressis  orbiculatis  3  mm.  latis,  eari3ellis  oblongis  reticulato-costatis, 
epicarpiis  crustaceis,  extus  spongiosis,  intus  membranaceis  e  cellulis 
tenuissimis  constitutis,  endocarpiis  osseis. 

Nom.  Jap.   Tsuho-kusa  ;   Buiuhudô  (Nom.   Liukiii.)  ;   Hanikatkdtsau 
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ij^'^if^  (Nom.  Formos.  sec.  C.  Uw;it:iri  et,  Uyeno). 

Icon.  Jap.      Honzöziifu  XXXN'IT,  iol.  1.  verso. 

lldh.  ill  ffaponia  australi,  [)lenuii(jue  in  arcnosis  mavitimis. 

Honshiu. — Prov.  Hitachi  :  in  radiée  montis  Tsnkulia  {tid>\  Makino)  ;  Prov: 
Shiiuosa  :  Mauia  et  Abiko  non  procul  a  Tokyo  (ipse)  ;  Prov.  Sagami 
Yokohama  et  Y'okoska  (Maxim),  Uraga  (ipse,  Julio  et  Octobri  fl.  et  fr.)  ;  Prov. 
Suruga  :  Omiya  ;  Prov.  Mino  (K.  Nn^cano)  :  Prov.  Iziimi  :  Chino-oka  (S. 
Matsuda). 

Ins.  Shikoku— Prov.  To«a  (T.  Makino). 
•    Kiushiu — Prov.   Hizeii  :  Nagasaki  (Maxim);  Prov.    Chikuzeu  :  Hachiman-mura 
(K.    Nagano);  Prov.   Satsuma:   Shiroyama;   Prov.  Hiuga:   Tsiino  (Herb.  Mus. 
Imp);     Prov.     Higo  :     Sunatori     prope      Kumamoto      (ips<i)  :     Ins.    Tsusliiuia, 
(ipse). 

Ins.  Bonin  (Hook,  et  Ain.  Herb.  Makino  et  Yatabe). 

Liukiu. — Ins.  Okinawa  :  in  oppido  Nafa  ad  Izunzaki  (Yamada)  ;  circa  Tumigu- 
shiku  (sec  T.  Ito).  prope  Shuri  (K.  Miyake)  ;  archip.  Yayeyama,  ins. 
Kurushima  (H.  Kuroiwa). 

Formosa — Kelung  ('!'.  Makino)  ;  ins.  Sliaryô  (T.  Makino);  Leugaliau,  in 
Formosa  australi  (C.  Owatari)  ;  Kôsluin  (C.  Owatari)  ;  loco  non  commemorato 
(Uyeno.  No.  8). 

Distr.  In  regionibus  teniperatis  tropicisque  late  dispersa.  China  : 
Kwantung,  Hongkong;  India  orientali  :  Bengalia,  Himalaya,  Nilagiri, 
Zey Ionia  ;  Fiji  ;  Java  ;  Nova-zealandia  ;  Australia  ;  Africa  australi  ; 
America  boreali  et  australi  ;  Insulis  indiis  occidentalibus. 

Var.  crispata  Maxim,  in  Mel.  Biol.  XII  p.  -IGl  ;  Forbes  et 
Hemsl.  Ind.  Fl.  8in.  I.  p.  324  ;  Bretschneider,  Hist.  Europ.  Bot.  Disc. 
Chin.  p.  8G7. 

//.  liiriila  Ilance  in  Walp.  Ann.  II.  090  (teste  Hemsl.) 

Foliorum  marginibus  crispatis,  valdc  ina^qualiter  inciso-den- 
tatis. 

Nom.  Jap.  Cluiiiiii-tsiil)oJ:iisii. 

Hüb,       m  liortis  japonensibus  tautuin  eulla. 

Distr..  Hono-konjj. 
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Sanicula  (Tourn)  L. 

Linn.  Gen.  n.  o26  ;  Hoffni,  Umb.  j).  Go  ;  DC.  Prodr.  IV.  p. 
84  ;  Endl.  Gen.  PJ.  p.  707  ;  Benth.  et  Hook.  Gen.  PI.  1.  p. 
880  ;  Bâillon,  Hist.  d.  PI.  VIL  p.  241  ;  Drude  in  Engl,  et 
Prantl.  Nat.  Pfl.  Fam.  III.  abt.  VIII.  p.  187. 

Flores  plernmque  nnisexuales  in  umbellula  saepe  intermixti  ; 
calycis  dentés  prominuli  acuti  persistentes  ;  petala  alba  ob  costam 
superne  intrusani  emarginata  leviter  imbricata  ;  fructas  ovoideus  v. 
orbiculatus  echinatus  a  latere  leviter  compressas  ;  commissura  lata  ; 
juga  vix  conspicua,  vittae  parvae  intrajugales,  in  endocarpio  irregula- 
riter  sparsae  ;  carpella  subteretia  ;  carpophorum  o  ;  semen  transverse 

subteres  facie   planum^ ^Herba  erecta  ;  folia  palmatim   o-7-partita, 

segmentis    dentatis  v.  lobatis  caulina  pauca  ;    umbellae  irregulariter 
compositae  pauci-radiatae. 

1.  Sanicula  europaea  L.  Sp.  PI.  oo9  ;  AVilld.  Sp.  PI.  p. 
L36G  ;  Aiton,  Hort.  Kew.  11  p.  119;  Sow.  Engl.  Bot.  t.  98  ;  DC. 
Prodr.  l\.  p.  84  ;  C.  P>.  Clarke  in  Hook.  f.  FJ.  Br.  Ind.  II.  p.  670  ; 
Hiern  in  Oliv.  Fl.  Trop.  Afr.  III.  p.  6  ;  Sond.  in  Fl.  Cap.  II  p.  533  ; 
Hemsl.  et  Forb.  Ind.  Fl.  Sin.  p.  320  ;  Diel  in  Engl.  lîot.  Jahrb. 
XXIX.  ]).  491. 

S.  data  Hamilt.  in  Don.  Prodr.  Nep.  183;  DC.  l.c.p.  85; 
Wight  et  Arnot,  Prodr.  Fl.  Pen.  hid.  Or.  1.  p.  3G1  ;  AVight,  Ic.  PL 
Ind.  t.  334  et  1004  ;  III.  PI.  Ind.  Or.  t.  117,  fig.  2  ;  Miq.  Prol.  Fl. 
Jap.  p.  244  ;  Fr.  et  Sav.  Enum.  PI.  I.  p.  178  ;  Franch.  PI.  David,  p. 
137  (var.  acanlis.) 

S,  canadensis     Thunb  FI.  Jap.  p.  116. 

S.  chinensis      i'.unge.    Ennm.    PI.    Chin.    Bor.  p.   32  ;    Hance  in 
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Joiirii.  lîor.   1S74.  p.  2(;()  ;  Maxim.  Fnd.  Fl.  Pek.  in  Priiii.  V].  Am.]). 
472  ;  Palibin,  (?oii.s]).  VI.  Kov.  I.  p. 

N.   iiiontaninii      lîciiiw.  i)0.  I.c.p.  85. 

S.  jücanica     Blume  Bijid.  p.  882  ;  DC.  I.e.  p.  85. 

Ilerba  pc-rennis  glabra,  caule  erecto  sulcato  simpliei  2-o  pedali  ; 
foliis  ia(licalil)iLs  loDge  petiolatis  5-lobis  o-8-cm.  diam.,  cauJinis 
superioribus  brevi  petiolatis  o-partitis  ;  segmentis  omnibus  obovatis 
apice  tri-partitis  basi  cuneatis  argute  serratis  saepe  duplicato — serratis, 
petiolis  glabris  eanaliculatis  basi  plus  minus  amplexicaulibus  15 — 20 
em.  longis  ;  umbellis  irregulariter  eompositis  ;  involucris  foliaceis 
lobatis  ;  floribus  fertilibus  umbellularum  3  sessilibus,  masculis  brevi 
pedicellatis  ;  calycis  lobis  lineari-lanceolatis  echinatis,  petalis  albis 
involutis,  stylis  nune  elongatis  nunc  brevibus  ;  involucelli  phjllis 
linearibus  fructibus  brevioribus  ;  fructibus  4—5  mm.  longis,  a  latere 
leviter  compressis  ovoideis. 

Nom.  Jap.  Uiiiafuj-iiiilsuha,  Yaiiin-iiiilsiilxi . 
Icon.  Jap.  Somoku-zusetsu  V.  fol.  31. 
Hah.  per  totam  Japoniam,  communissimis. 

Hokkaido  (Yezo) — Hakodate  (Yatabe)  ;  Prov.  Ishikari  :  Sapporo  (Kawa- 
kaini)  Poronai  (Kawakami),  Soiaoliibuto  (Kawakami)  ;  Prov.  Iburi  :  Osha- 
luanbe  (Kawakami)  ;  Prov.  Kibauji,  Ins.  iiisbiri  (Herb.  Kawakami). 
Honshir. — Prov.  Eikuzen:  in  niont«;  Kattadake  (Ipse);  Prov.  Iwasliiro  (K. 
Nemoto)  ;  Prov.  Sbiuiotsuke  :  in  alpibns  Nikkô  ;  Prov.  Shinano  :  in  radice 
ii^nivomi  Asama  (ipse)  ;  Prov.  Musashi;  circa  Tokyo  (Julio  fl.  Jiinio — Angustio 
fr.  mat  !);  Prov.  Sagami  :  Misaki  ct  Hiratsuka;  Prov.  Surnga:iu  monte  Puzi 
(N.  Obno)  ;  Prov.  Tse  (Tani)  ;  Prov.  Yaiiiato  (Herb.  Mus.  Imp.):  Prov. 
Harima  (U.  Ogaini.) 
Kiushiii — Ins.  Tsu-shima  (ipse). 

Distr.  China  :  IV'kinn',  -leliol,  Kiukiang,  Hupeh  ;  Korea  ;  India  : 
Himalaya,  Khasia,  Burma.  .Maiabai*.  Zeylonia  ;  I'^uropa  ;  vVfrica. 

2.      S.    SatSUmana      Aïaxim.     in     Md.    biol.    Xil.     p,    465  ; 
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Matsum.  ill  Tokyo  lîot.  Mng,  XIL  p.  o  ;  Itö  et  Matsuinur;i,  Teiitam. 
Fl.  Lutch.  sect.  T.  ]>.  528. 

Caule  erecto  1/2  pedali  sub-aphyllo,  foliis  radicalibus  longe-petio- 
latis  eircuinscriptioiie  pentagonis  tripartitis,  se_ii'meiitis  2-o  lobatis 
rhoinboideis  basi  cuneatis  crenatis  mucronatis  margine  albolameli- 
geris  ;  petioli  I/o  pedalibus  glabris  basi  dilatatis  ;  invobicris  foliolis 
paucis  setaceis  v.  subfoliaceis  pinnatis  ;  umbellis  compositis  5 — 7 
radiatis  ;  involiicellis  o — G  phyllis  setaceo-dentatis  ;  umbellulis  5 — 6 
floris,  floribus  exterioribus  masciilis  longe  pedicellatis,  centralibus 
unifloris  fertilibus,  calycis  dentibus  prominiilis  setaceis,  petalis  albis 
obovatis  apice  eniarginatis  ;  filamentis  petalis  duplo  longioribus,  stylis 
erectis  demum  reflexis  ;  fructibus  ovatis  ecbinatis  2 — li  nun.  longis. 

Nom.  Jap.  Hiine-iniumo}iii(suh(i.    (sec.  J.  Matsumura). 

flub.       Kiusiu  :  Prov.  Satsuma,  Kagoshima  (sec.  Maxim)  ;  Liukiu  :  Ins.  Okiaawa,  seciis 
viviilos  prope  Yakabi  (.T.  Matsiunurn.  Majo  anno  1897.  fr.) 

Anthriscus  Hoffm. 

Holfm.  Umbellif.  p.  88  ;  DC.  Prodr.  IV.  p.  222  ;  Benth,  et 
Hook.  Gen  PI.  I.  p.  899  ;  Endl.  Gen.  Pi.  II.  p.  786  ;  Bâillon, 
Hist.  d.  PI.  VII.  p.  232  :  Drude  in  Xat.  VÜ.  Fani.  theil.  IH 
abt.  VIII  p.  152. 

Calycis  lobi  minuti  ;  pet:da  oblonga  v.  cuneata  emarginata  cum 
lacinula  infiexa  v.  obtosa  ;  stylopodia  parva  conica  ;  fructus  ovato- 
oblongus  V.  cylindricus  a  latere  compressus,  jugis  primariis  sursum 
conspicuis,  deorsum  inconspicuis  vel  leviter  muriculatis  ;  vittae  vix 
conspicuae  ad  valleculas  solitariae  \.  extrajugales  ;  semen  facie 
profunde  sulcatum. — Herbae  annuae  v.  perennes  ;  folia  pinnatim- 
decomposita  ;  umbella  composita,  involucra  1 — 2  phylla  v.  nulla  ; 
flores  albi. 


22  ART.  4,— Y.    Y  A  BE: 

1.    Anthriscus  sylvestris    lloirm,  imibellif.  p.  to  et  40. 

t.  1.  t.  r.)  ;  DC.  Prodr.  LW  ]>.  22;î  ;  Ledeb.  FJ.  lîoss.  II  ]).  Ui)  ; 
A.  Gray,  T.ot.  -Im p.  ]..  o90  ;  Miq.  Prol.  FI.  Jap.  \k  252  ;  liiern  iii 
Oliv.  FI.  Trop.  Air.  III.  \>.  Ui  ;  Fr.  et  S:iv.  Eniiiii.  FI.  Jap.  I  p. 
183  ;  Forbes  et  HemsI.  Ind.  FI.  Sin.  I.  p.  :>;U)  ;  K.  Miyabe,  FI. 
Kiirile  isl.  (Mem.  Host.  Soc.  Nat.  ili.st.  W .  u.  \\\)  ]>.  20."):  Diel. 
FI.  (Viit.    diiiKi  in  Fnn-l.  r>ot.  Jalu-b.  XXIX  p.  492. 

AnUiriscus  nciiiorosd  ¥r.  Schni  (non  Spr.)  FI.  S:ich.  p.  140. 

Chœrophijllwn  stikestri  L.  Sp.  3()<S  ;  S])r.  Syst.  ^'eg•et.  I.  ]>.  î)()3  ; 
Sow.  Eogl.  V^ot.  t.  752. 

Cliaerophi/ll'iun  seminihns  nitidis  stuthris (Iniel.    FI. 

Sibir.  I.  p,  210,  no  2G.  t.  49. 

Caille  2 — 3  pedali  glabro  sulcato  ramoso  ;  foliis  circiimscriptione 
deltoideis  inferioribus  30  cm.  longis  bipinnatis,  segmentis  oblongis  v. 
lanceolato-oblongis  pinnatifidis,  snbtus  pilosis  lacinulis  oblongis  ; 
j3etiolis  basi  dilatatis  attenuatis  amplectentibus  ;  vaginis  membranaceis 
margine  hirsutis  ;  involucro  nullo  ;  umbel  lis  G — 8  radiatis,  radiis  circa 
2 — -5-cm.  longis  ;  involucelli  pliyllis  4 — 5  ovato-lanceolatis  acuminatis 
membranaceis  villosulis  reflexis  ;  nmbellulis  (J — 7  aut  multifloris, 
aliis  fecundis  aliis  sterilibus,  floril)us  exterioribus  interioribus  majori- 
bus  ;  petalis  albis  inœqualibns  radiatis  exterioribus  maximis,  obovatis 
apice  leviter  emarginatis,  staminibns  brevibus  antberis  albis  ;  fructibus 
oblongis  ad  basin  versus  a})icem  pedicel lorum  attenuatis,  vittis 
indistinctis,  seminibus  facie  concavis. 

Nom.  J(q).  Shaku,  Kojakn,  Ichari-hiua  (Nom.  Aino). 

Icon.  Jap.  Honzozufu  vol.  47.  fol.  9  et  10;  Sômokuznsetsn  v. 
fol.  9. 

H(l]t.   per  totam    Japaniam.        Kurile— Fnrnbttsu  et  Shana  iu  ins.   Ktorop  (Soo. 
Miyabe)  ;  Tokotan  in  Ins.  Unipp  (K.  Jimbô)  : 

Hokkaido   (Yezo) — Prov.  Iburi  :    Izari  prop»'  Oliitoso  (Julio,  fl)  ;  Prov.  Isbikari  : 
circa  Sapporo  (Yatabe,  Kawakami). 
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Honshiu — Prov.    Rikuzen  :   Seudai    (T.   Icliiinura)  ;  Prov.   Shiuauu  :   in    monte 
Tof^akushi     Julio    fl.)  ;    Prov.    Musaski  :    prope    Tokyo    (sec     Siebold)  ;    circa 
oppidulum  Öme  (ipse.  Maio  1900  fl.),   Prov.   Harima  in  paginn   Kashimamura 
(U.  Ögauii). 
Kiusliiu — Prov.  Chiknzen  :  Ad  ripas  fluvii  Taraj^awa,  FCasuyagôri  (K.  Naflano). 

Distr.  C^hina  boreuli,  Sibiria  ur:i\..  Rossia  arctica,    Africa  boreali, 
Europa. 

2.  A.  cerefolium      Hoft'm.  umbellif.  j».  41.  t  1.  f.  21. 
Tntrodnctum  ?  Savatier  no.  505  ! 

Scandix  !-• 

Scandix  pecten-veneris  L.  Nuperrime  introducta! 

Osmorhiza  l^-^^^^- 

DC.  Prodr.  IV.  p.  282  ;  Endl.  Gen.  PI.  IL  p,   789  ;  Benth. 
ct.    Hook.    I.   p.    897  ;    Paillon    Hist.   d.    PI.    YII,  p.   233  ; 
Drude  in  Nat.  Pfl.  Farn,  tbeil  III.  abt.  VTII.  p.  153. 
Wdsliingtonia,  Pvafin,  ''Am.  Month.   Mag.  2"  :   176  ;    Pritton 
et  Jkown,  111.  Fl.  North.  St.  a.  Canad.  II.  p.  530. 

(^'alycis  limbus  obsoletus  ;  petala  obovata  leviter  emarginata 
intlexa  ;  fructu.s  elongato-cyHndricus  a  latere  compressus  basi  ad 
pedicellum  attenuatus;  mericarpia  angulata,  jugis  5  acutis  hispidulis, 
valleculis  evittatis,  ('omniissuris  sulcatis,  carpophoro  2 — iido  ;  semen 
teres— Herba  perennis  pubescens  ;  folia  biternata  v.  ternato-pinnati- 
secta  foliolis  obovatis  vel  ellipticis  ;  umbella  pauciradiata  ;  flores 
centrales  masculi,  exteriores  fertiles. 

1.     Osmorhiza  japonica    S.  et  Z.   Fl.  Jap.  Fam.  Nat. 

n.  431  ;  Fr,  et  Sav.  Enum.  1^1.  Jap.  [  p.  185  ;  Maximowicz  Mel.  l^>io], 
NIL  P.  46. 


24  AU'l".  4.,— Y.    Y  A  BE 

().  hnKjisliills  A.  Gniy.  lîot.  .lap.  p.  :\l)\  ;  .Mi(|.  I'rol.  Fl.  -lap.  p. 
252. 

Ch  iiDpliiillinii  (iiisttittini    riiuiil).  Fl.  'lap.  j).  ilî). 

llerlja  pcrcimis  rhizomate  cnis^so  ;  caule  tereti  pubenilo  \-'J  pedes 
uko  ;  loliis  radiralibiis  longe  petiolatis  trisectis,  segiiieiitis  bipiniiati- 
sectis  partiti.sve,  laciniis  obloiigis  ellipticis  vcl  obovatis  inciso-dentatis 
ad  iiiTvos  pubescentibus,  vaginis  amplis  dilatatis  inargine  ineinbraiia- 
ceis  ;  invülücri.s  oligophyllis  (2-4)  iDioqualibns  ovato-laneeolatis 
cadacis  ;  umbeilis  3-5  radiatis  ;  invohicelli  fuliolis  5-()  ovato- 
lanceolatis  villosis  subaequalibiis  erectis  dein  reflexi.s  ;  uniljelhdis 
plurifloris;  tloribns  miisculis  brevi  pedicellatis,  staminibu.s  petalis  longi- 
oribus,  antheris  albi.s  petabs  oblongis  a  medio  leviter  constrictis,  stybs 
rudimentariis  instructis  ;  floribus  fertilibus  longe  pedicellatis,  styli.s 
erectis  petalis  suba'cpialibus  stylopodio  conico;  fiorilnis  masciilis 
praicocioribus  ;  IVuctibiis  elongato-linearibiis  mericarpiis  setaceis  ; 
carpophoris  bitidis  ;  ])eduncnlis  (i  cm.,  pedicellis  11  cm.  longis  ; 
fructibus  2  cm.  x   2  mm. 

Nom.  Jap.  Yahutiinjui,  Nagajiranii. 

fcon.  Ja]).  Sômoku-zusetsu  vol.  X.  fol.  7. 

lldh.  Hokkaido  (Vezo) — Prov.  Isliik:iri:  iu  iiiouto  Moiua  (J.  Matsuimn-a  tr)  :  circa 
urJjeni  Sapporo;  Prov.  Iburi  :  8hiziikari  (Herb.  ICaAvalcaini). 
Honshiu  — Fruv.  Rikuzen  :  iu  inoute  Tailviknzm  circa  Seiidai  (Herb.  Yasiula. 
Maio  fl.)  ;  Prov.  Uzen  :  Hondôji  (Julio  18S7)  ;  Prov.  Iwn.sluro  :  in  monte 
Xakayauia.  töt,''e  (K.  Nemoto)  ;  Prov.  Musashi  :  iu  Tokyo  vulgare  (Aprili  fi. 
Junio  fr.  uiat.),  in  monte  Takao  (ipse);  Prov.  Sliinano  :  in  radiée  mentis 
Koma<ratake  (Augusto  1880)  :  in  pedes  motitis  Asama  (ipse)  ;  Prov.  Izu  :  in 
monte  Amagi  ;  Oknda  in  ins.  Ösbima  (S.  OkiiV)o)  ;  Prov.  Kaga  :  in  alpil>us 
Haknsan  (Yatabe). 
Kin.sliiu — Ins.  Tsusima  :  Izuliaia  (i[>su'l. 

Torilis   Adnns. 

"Adans.  Fam.  d.  PI.  11.  p.  DO  "  ;  Uotfm-  Umb.    49   t.    1.    f. 
.S;  8pr.    Syst.    Veg.    1.  p.  S98  ;  DC.   Prodr.  IV.  p.   218  ; 
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Endl.    (;eii.    PI.    IL    p.     786  ;    Drnde   in    Nat.    Pfl.    Kam. 

tbeil    Iir.    abt.    VJII.    p.     155. 

Cducalis  r>enth  et  Hook  Gen.  PL  L  p.  'ô'JH  (partim). 

Calycis  k)bns  triangulari-lanceolatus  persistens  ;  petala  obovata 
oiim  lacinula  inflexa  ;  tructas  ad  coinmissaram  constrictus  ovatus, 
stylis  brevibiis  reüectis  ;  juga  primaria  setulosa  ;  vittae  valleculae 
solitariae  (tota    vallecula    setis   tecta),   commissnra    bivittata  ;   semen 

facie  profunde  sulcatum Herba  annua  ;  folia  bipinnatisecta  hispi- 

dula  ;  umbellae  6-10-radiatae  ;  involucrum  et  involucellum  oligophylli 
lanceolati  ;  flores  albi. 

1.  Torilis  AnthrisCUS  ^yeruh.  "Syst.  Verz.  ErL  p.  107  " 
1806. 

Torilis  antbriscus  Gmel.  "FL  Bad  1.  p.  61o"  ;  Spr.  Syst.  Veget 
I.  p.  898,  DC.  Prodr.  IV.  p.  214  ;  Ledeb.  Fl.  lioss.  11.  p.  345  ; 
Wight  et  Arn.  Prodr.  FL  Pen.  Ind.  Or.  L  p.  o74  ;  Forbes  et  Hemsl. 
Ind.  Fl.  Sin.  T.  p.  o37  ;  Henry.  List  PL  Form.  p.  47  ;  Palibin  ; 
Consp.  FL  Kor.  I.  j).  98  ;  Diel  Fl.  Cent.  China  in  Engl.  Bot.  Jahrb. 
XXIX  p.  492. 

Cimcalis  (inthriscvs  Scop.  C.  B.  Clarke  in  Hook  f.  FL  Br.  Ind.  IL 
p.  718  ;  Sow.  Eng.  Bot.  t.  987  :  Coult.  et  Kose,  Rev.  X.  Am.  Umb. 
p.  oo  ;  T.  Itô  et  J.  Matsumura,  Tentam.  FL  Lutch.  sect.  1.  p.  532. 

Caucalis  japonica  Houtb.  X^at.  Hist.  XXVI  p.  42  Fig.  1.  A 
(1777)  ;  Spr.  Syst.  Veg.  I.  896  ;  Fr.  et  Sav.  Enum.  PL  Jap.  I.  p. 
190  ;  T,  Makino,  Bot,  Mag.  Tokyo  YU  p.  44. 

Caucalis  oiientaUs  Lour.  Fl.  Cochinch.  ed  Willd.  p.  221. 

Torilis  data.  Spr.  DC.  I.e.  p.  220. 

Torilis  japonica  DC.  I.e.  p.  219  ;  Hook,  et  Arn.  Bot.  Beech.  Voy. 
p.  189  et  264;  A.Gray,  PI.  Coli.  Perry  Exp.  ]>.  312;  Franch.  PL 
David.  I.  p,  145. 


26  ART.  4.— Y     YABK: 

'iofdijliuni  (Uithriscus.  L.  Sp.  IM.  o4(j. 

Ciiule  erecto  puberulo  striafo  ;  loliis  bipiiinatisectis,  segmentis 
oblongo-cuneatis  pinnatifidis  })u])escentibu.s,  laciniis  integris  aut  1-2- 
dentatis  ;  petiolis  basi  dilatatis  ;  umbellis  G-T-radiatis,  iiivolucris 
iiivolucellisque  oligophyllis  ÜDearibus  puberulis,  umbellulis  paucifioris; 
calycis  dentibus  setuloso-scabris,  petalis  albis  obovatis  acumine  iiiflexis 
dorso  setulosis  ;  fructibus  ovatis  11-  mm.  longis.  setis  rigidis  apice 
uriciiiatis.  .semiiiibus  facie  plauis  v.  subcoiivexis. 

Nom.  Jiij).  Yahiijiranii. 

[coli.  Jap.  Somoku-zusetsu  \'.  fol.  5. 

Jlab.  in  giMminosis  totius  Japoniae  frequen.s.  rJunio — JuJio  H. 
et  fr. 

Hokkaido  (Yezo) — Prov.  Iburi:  Muroran  (J.  Matsuuiura),  Oshauiauibe  (Herli. 

Kawakauii)  ;    Chitose  ;    Prov.    Ishikari  :    Sapporo    (Herb.    Kawakami)  ;    Prov. 

Kitaini  :  Abasliiri  (Kawakauii). 

Honsiu — Prov.  Mutsii  :  In  pratis  'l'okiwano  iu  tractu  Tsiiyarii  :   Prov.    Uzeu: 

Hondoji  (Matsuinara  et  Yatabe)  ;  Prov.  Rikuzen:  Acne  (ipse)  ;  Prov.  Iwashiro  : 

circa  urbein  Tukushima  (K.    Nemoto)  ;    Prov.    Shimotsuke  :   in  uioute  Nikkö  : 

Prov.    Shinano  :    in    monte    Asama  (ipse)  et.   in   monte    Omine    (Matsumura)  ; 

Prov.  Mnsashi  :  Tokyo  in  pratis  vulgare  ;  Prov.  Sagami  :   (Jraga  (ipse)  ;  Pi'ov. 

Suriiga  :    in    ignivomo    Fuji    (N.    Ono)  ;   Prov.  Ise  :    Sakakibara;    (K.    Tani)  ; 

Prov.  Omi  :  in  monte  Ibukiyama  ;  Prov.  Izumi:  Sakai  (S.  Matsuda). 

Shikoku — Prov.    Awa:    Mitsumun,    Wakimaehi    et    Nishiu    (Yatabe);    Prov. 

Tosa  :  in  monte  Tsuetate  (Yatabe),  ad  ripc'is  acnin nun  Morionobe  (S.   Yauo),  in 

pago  Ochimura  (T.  Makino). 

Kiusiu — Prov.  Satsuma  :  Shiro^aiua;  Prov.  Higo  :  Kiimamoto  (S.  Satö  iu   llerlj. 

Kawakami)  ;  Prov.  Chikuzeii  :  Hakozaki  (K.  Nagano)  ;  Prov.  Tsushima  (ipse). 

Liukiu — Ins   Amami-Oshima  :    ad    Naze  (sec.  'J'.  Itô)  ;   Ins.    Miyako  (Tashiro)  ; 

circa  Gushiku  (Tatitu,  sec.  Itô). 

Formosa— loco  non  indicato  (Uyeuo  8.  Martio  1S98.  fl). 

Distr.  Europa,  ('hina,  Kore:i,  Siberia.  India  orientali.  Africa 
boreali. 


Caucalis  i^- 

Linn.  Gen.  n.  i^ol  ;  Iloffm.  Umb.  p.  54  ;  DC  Prodr.  iV.  p. 
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21G  ;  Eiidl.  Geu.  PL  p.  780  ;  ln;iith  et  Hook.  Gen.  PI.   I.   j). 
928  ;  Drude  in  Nat.  VÛ.  Fam.  Tlieil.  ITT  abt.  VIII.   [).    157. 

Calyei.s  iiuibiis  5  ovato-laneeolattis  v.  minutus.  petala  obovata 
eiun  laciniila  inÜexa  radianta  ;  ,st\  lopodiuni  parvuni  ;  iruotus  a  latere 
vix  compressiis,  jug:'  priiiiari;i  seto«a  ;  valleculae  l-o  seriatim 
echinatae  ;  vittae  ad  valleculas  solitariae  ;  semen  iacie  valde  involutum 

-Herba   annua    hispida  ;    folia    pinntitim    decomposita  ;    umbellae 

pauciradiatae  (2-()),  pedicellus  brevis,   involiicrum  et  iM^'o]ucel]unl   o. 
vel  oligophylli. 

1-  CaUCalis  SCabra  Makino.  Gaule  erecto  ramoso  tereti 
piloso  viridi  1-2  pedali,  r;imis  axillaribus  ;  folii.s  tripinnatisectis, 
segmentis  primariis  ovatis,  ultimis  oblongis  acutis  subpinnatifidis 
pubescentibus,  laciniis  tenuibus  oblongo-lanceolatis  ;  petiolis  basi  dilat- 
atis  margine  membranaceis  ;  involucro  nullo  vel  1-2-phyllo  ;  umbellis 
.')  radiatis  oppositifoliis,  peduncidis  2-o-vel  multi-em.  longis,  involu- 
eellis  oligophyllis  linearibus  scabriusculis  ina^qualibus  pedicellis 
brevioribus,  umbellulis  multifloris,  calycis  dentibus  minutis,  petalis 
roseis  obovatis  orbiculntisve  apice  intlexo-aeuminntis  dorso  parce  setu- 
losis;  stylopodio  planiusculo,  stylis  brevibns;  fructibus  oblongis  5  mm. 
longis  pedicellis  duplo  longioribus,  setis  rigidis  apice  uncinatis  carpo- 
phoris  indivisis.  vnlleculis  univittatis  ;  seminibus  subteretibus,  focie 
involutis. 

Caucalis  scabra  Makino  in  iîot.  Mag.  Tcjkyo  Jxl.  \ll  p.  1-1  (Jap.) 

Torilis  iicahra  DC.  Prodr.  IV.  p.  216  ;  Miq.  Pro!.  Fi.  Jap.  p.  252  : 
Zoll.  Syst.  Verz.  p.  139? 

Torilis  pnutermissa     (Hance)  Franch.  in  Pi.  David,  p.  1-15? 

Caucalis  praetermissa  Hance  in  Ann.  Sc.  Nat.  Ser.  V.  t.  v.  p. 
244?  Franch.  Stirp.  Nov.  Kar.  Fl.  Jap.  ex  Bull.  Soc.  Bot.  Fr.  XXVI. 
p.  86. 


28  '^Rl'-    K— V.   YAHK 

Clnrrd/ihiillmn  sculinmi      'rininl)  Fl.  'Ia[).  p.   1  11>. 
Nom.  Ja]).  ( hidbii/traiin. 

Jlith.  hi  iratis  Ciunpis  prope  Tokio  ('l'.  Makino  et  ipse.  Medio  Majo  fi.  .Jmiio  fr. 
mat!);  Prov.  Ise  ;  Miyegori  (K.  'J'ani)  ;  Prov.  Tosa  in  insula  Shikoku  :  in 
pa;^o  Ochiuiura  (T.  Makino). 

Aduot.  Umbellae  in  speciminibus  nostris  semper  IJ-radiatae,   nee 
.'»  "7  nt  De  Candolle  descripsit. 

Coriandrum  ï^- 
Coriandrum  sativum  L.    Nam.  Jap.  Komdoro. 

Interdum  in  hortis  japonensibus  cultum.      in   Sinteck, 
fi)rmo.sa  boreali.  legit  Honda. 

Conium   L. 

Conium    maculatum    1-       ^om.     Jap.    nobi-zen       Intro- 
(luctnm. 

Pleurospermurn  Hoiïm. 

Hoitm.  Umb.   J).    NUL   XXXn  ;    DC.    Prodr.   IV.   ]).   1>44  ; 

End!.  G-en.  PI.  II.  p.  791  ;  lîenth.  et   Hook.   Gen.    PL   I.   p. 

915  ;  Haillon  Hist.  d.  PI.  VH.  p.  2U)  (sub  ]\Ieo)  ;  Drnde   in 

Nat.  Pfl.  Fam.  Theil  HI.  abt.  VHI.  p.  171. 
Calycis  dentés  obsoleti  v.  parvi  acati  ;  petala  obovata  Integra 
apice  obtusa  v.  acuta  ungaiculata  ;  fructus  a  latere  leviter  compressas 
ovato-oblongus,  stylopodio  conico  coronatus  ;  mericarpia  membrana 
duplici  inclusa,  interiora  semini  adnata  ;  vittae  ad  valleculas  solitariae 
vel  interdum  geminae,  commissurales  utrinque  solitariae  ;  carpopho- 
rum  bipartitum  ;  semen  semi-lunare — Herbae  perennes  ;  folia  bi- 
tripinnata,  segmeritis  ovatis  dentatis,  involucra  foliacea  ;  umbellae  a 
radiatae. 
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Pleurospermum  austriacum  Hoffm.    Umbellif.  praem. 

X  ;  DC.  Prodr.  IV.  p.  244  ;  Spr.  Syst.  Veg.  T.  p.  894  ;  Ledeb.  FI. 
Ah.  I.  p.  368,  FJ.  [loss.  II.  p.  3G0  ;  Maxim,  l'rim.  FJ.  Amur, 
p.  130  ;  Rupr.  Kev.  Umb.  Kamtsch.  p.  27  ;  Forbes  et  Hemsl. 
Ind.  FJ.  Sin.  I.  p.  333  :  Miyabe,  FI.  Kurile  Isl.  in  Mem.  Bost.  Soc. 
Nat.  Hist.  IV.  n.  VII  p.  23G. 

ricurospcniinm  Kawtschaticum  Hoffm.  Umbellif.  X  ;  DC.  Prodr. 
l\.  p.  244  ;  Ledeb.  FI.  Ross.  IL  p.  361  ;  Fr.  Scbm.  FI.  Sach.  p.  140  ; 
Fr.  et  Sav.  Enum.  FI.  Jap.  I  p.  186. 

F.  tiralense  Iloffm.  I.e.  IX  ;  DC.  I.e.  ;  Ledeb.  FJ.  Alt.  I.  p.  368 
(nota)  ;  FI.  Ross.  IL  p.  361. 

Llgiisticiuu.  amtriacHui     L.  360  edd.  Willd.  I.  p.  1496. 

Liijusticimt  foliis  Inplicato-pinnatis^  pinnis  piiinatifiàis.  GmeJ.  Fi. 
Sibir.  I.  p.  196.  no.  IL  t.  45. 

Planta  4 — pedaJis  vel  ultra  ;  cauJe  cavo  erecto  anguJato  simplici 
vel  subramoso  vuJgo  glabro  ad  insertiones  petioJorum  et  siil)  nmbellis 
tantum  piiberulo  ;  foliis  ternato-pinnatisectis,  segmentis  primariis 
petiolatis,  secundariis  subsessilibus  circumscriptione  ovatis  pinnatifidis, 
laciniis  ovato-oblongis  inciso-dentatis  ;  involucris  polyphyllis  angustis 
foliaceis  pinnatis  ;  umbellis  40-50-radiatis  ;  involuceJlis  pinrifoliolis 
ianceolatis  inasqualibus  umbellulis  florentibus  longioribus  ;  umbellulis 
multifloris,  calycis  dentibus  acutis  setulosis,  petaJis  aJbis  Jate  obovatis, 
filamentis  petaJis  subgequalibus  v.  longioribus,  antheris  albis,  stylis 
erectis  brevibus,  stylopodio  conico  ;  fructibus  ovatis  jugis  primariis 
prominuiis  subdenticulatis  integrisve  ;  valleculis  univittatis,  interdum 
intervalleculis  1-vittatis. 

l^om.  Jap.  Onilaimwochi,  Okasamochi. 

Hah.  in  graminosis  bumidis  ins.  Yezo  et  montanis  Honsiu 
borealis. 

Kurile — Ins.  Ktoiot'u  ad  Riibetsu  {sec.Mija.be). 
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Hokkaitlö  (Ye/.o) — Prov.  Hiclaka  :  Sariiru  (Y.  Tokubuchi)  :  Prov.  lliuri  : 
Muroran  (J.  Matsumura)  ;  Prov.  Ishikari  :  circa  iirbein  Sapporo  (K.  Mijabe)  ; 
Prov.  Kusliiro  :  in  ignivonu>  Meakan  (Kawakajni)  ;  Prov.  Kitami  :  in  inont«; 
Kishiri  (Herb.  Kavvakaini). 

Honshin — Prov.  Shinano  :  in  moufe  VYadato;;e  (ipse);  in  uiouto  Toj^akushi 
(Julio.   I8S4  fl!);  Prov.  Shimotsnke  ;  in  monte  Nikkö  (T.  Makino) 

DIstr.      Europa  (n'ient.,  Sil)iri:i,  Kfimtschatka. 

Bupleurum  (Tourn)  L. 

L.    Gen    11.    :V2S  ;   Hoftni.    L'nil).  p.    112  ;  DC.  Prodr.  IV.  p. 
127  ;  Endl.  Gen.  PI.  II.  p.  772  ;  Benth.  et  Hook.   Gen.   PI. 
I.  p.  SSG  :  lîaillon.  Hist.  d.  PL  VII.  p.  226  ;  Drude  in   Xat. 
Ptl.     Fani.    Theil    III    abt.    VIII.    p.     180. 
Diophyllum  et  Lsophylluni  Hoffm.  Umb.  p.  112. 

(Jalvcis  niargo  obsoletus,  ])etala  rotunda  intégra  involuta  costa 
prominula  .subcueullata  ;  fructus  a  latere  compressu.s,  stylopodio 
depresso,  niargine  integro  ;  juga  fiiiformia  v.  alata,  valleculae  1-3- 
vittatae  v.  evittatae  ;  carpophoruni  2-fidum  ;  semen  subteres  facie 
planiusculum — Herbae  perennes,  folia  intégra  infima  graminea  caulina 
saepe  sessilia  involu(;ra  nulla  v.  oligophylla,  umbella  composita  ;  flores 
tlavi. 

1.    Bupleurum  falcatum  L.    Sp.  Mi  ;  Willd.  Sp.  PI. 

1372  :  DO.  Prodr.  IV.  p.  182  :  Sow.  Engl.  Bot.  IV.  p.  122  ;  Forbes 
et  Hemsl.  Ind.  FI.  Sin.  I  p.  327  ;  Mu{.  Prol.  Fl.  Jap.  p.  240  ;  Hance 
in  Joufii.  r>()i.  1<S,S3  p.  321  ;  Palibin,  Consp.  Fl.  Kor.  Lp.  97  ;  Diel. 
in  Engl.  l')ot.dahrb.  XXIX.  p.  P).').  var  scorzoneraefoliuni  Ledeb. 
Fl.  IJoss.  II  p.  207. 

B.  chinensc.  DC.  Prodr.  \\ .  ]k  12<S;  Bretsebn.  Hist.  F^urop. 
P>ot.  Di.sr.  Chin.  170. 
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B.  scoizoiuracfolitim  Willd.  DC.  I.e.  p.  132  ;  Maxim.  Prim.  Fl. 
Amur.  p.  125  ;  Fraiidi.  PJ.  David,  l.p.  187. 

Caule  glabro  supra  ramoso  2-4  pedali,  foliis  radicalibus  et 
caulinis  iiiferioribus  petiolatis  oblongis  10-15  cm.  longis,  siimmis 
sessilibiis  basi  attenuatis  lanceolato-linearibus  subamplexicaulibus 
margine  integris  5-7-nerviis  ;  involucris  2-3-phyllis  lanceolatis  v- 
ovato-lanceolatis  v.  setulosis  intequalibiis  ;  umbellis  5-8-radiatis  ; 
irivolucelli  foliolis  5  lanceolatis  imibellulis  vix  brevioribus  ;  umbellulis 
10-niultifloris,  pedicellis  3  mm.  longis,  petalis  tlavis  latis  invokitis, 
staminibus  petalis  longioribus,  stvlis  brevibus,  stylopodio  depresso 
piano  ;  fructibus  pedicellos  œquantibus,  jugis  primariis  angustis, 
sectione  transversale  pentagonis,  multi-vittatis. 

Nom.  Jap.  Mkhimazaiko^  Kdiiutkurazuihi. 

Icon.  Jap.  Kiükö-Honzo  I.  fol.  25  recto?  ;  Kawi  IIF.  tbl.  20. 
recto  ;  Honzözufu  VII.  fol.  9  sub.  Saiko  ;  Somokuzusetsu  V.  fol.  41 
sub.  Misbima-zaiko,  Xiraba-zaiko  ;  Honzökomoku-keimözufu  IX' 
fol.  8. 

Hah.     per  totam  Japoniam  temperatam 

Honsiu— Prov.    IwashiiM  :    in    pratis    lA'ase    (ipse):    Prov.   Hitachi:  Yûki  ;    in 

monte    Tsukuba  ;    Prov.  Kaziisa:   Ichinomiya    (Augusto   fl.)  ;   Prov,  Musashi  : 

circa    Tokyo    et    in    monte   Takao  ;  Prov.    Sagami  :    Misaki   (ipse),   in   monte 

Oyama   (Herb.  Mus.  Imp.),  in  monte  Hakone  (S.  Okubo  et  ipse)  ;   Prov.  Izn 

in  monte  Omuro  ;  Prov.  Suruga  :  in  radice  mentis  Fiizi  ;  Prov.  Ise  ;  in  monte 

Kasaka  ;  Prov.  Izumi  :  in  monte  Hibaragoye  (S.  Matsuda  Octobri  fl.  fr  !)  ;  Prov. 

Harima:  Kashimamura  (U.  Ogami). 

Shikoku— Prov.    Awa  :    In   monte   Takakosbiyama    ('S.  Oyatsu)  ;    Prov.    'l'osa: 

ad  montem  Imosegoye  (S.  Vano). 

Kiusiu — Prov.  Higo  :  in  ignivomo  Aso  (ipse). 

Liukiu  :  loco  non  indicato  (Herb.  Mus.  Imp). 

Formosa:  Byolitsu  (A.  Tashiro  .Innio  anno   1897  no.  .\.  54!);  Cbukoo  (Honda 

.\ugusto  1897). 

Distris.  In  China  boreal i  et  Korea,  India,  Orientali,  Asia 
Occidentali  et  ceutrali,  Europa  australi. 
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Plaiitn  OX  insula  Formosa  a  me  visa  descriptionc  Clarkci  abhorret 
foliis  lineari-laiiceolatis,  involucri  foliolis  iriaequalibus. 

^-  B.  sachalinense  ^''-  Schmidt.  Reis.  Ins.  Sacb.  p. 
134  ;  Fr.  et  Sav.  Eniim.  TJ.  dap  1.  p.  179. 

J),  aurcum.     Miq.  Prol.  FJ.  Jap.  p.  246  (teste  Fr.  Ji^chmidt). 

Herba  perennis  S-G-pedalis  glabra  ;  caule  erecto  ramoso  ;  foliis 
radicalibus  petiolatis  superioribus  sessilibus  lanceolato-oblongis  v. 
elongato-ovatis  10-12  cm.  longis  integris,  apice  acutis  v.  obtusis,  basi  in 
petioliim  attenuatis  ant  anricnlatis  v.  cordatis  amplexicaulibiis  quasi 
perfoliatis  ;  involucris  1-2-pliyllis  parvis  oblongis  ;  umbellis  5-7- 
radiatis  ;  involucellis  subpentaphyllis  ovatis  vel  lanceolatis  acutis 
2-3-nerviis  pedicellis  longioribus  ;  umbellulis  10-12-floris,  petalis 
fiavis  oblongis  involutis,  filamentis  petalis  longioribus  ;  fructibus 
oblongis  jugis  filiformibus  c.  3  mm.  longis,  vittis  ])arvis  ad  valleculas 
3-multi.  pedicellis  floribus  1  i — 3  mm.  longis. 

Nam.  Jap.  Maruha-zaiko,  Hoiaruzaiho,  Hotanisù. 

Icon.  Jap.  Kawi,  1.  fol.  10.  sub  Hotaruso  ;  Honzôzufu  VII  fol.  10 
recto  ;  Somokuzusetsu  V.  fol.   44  ;  Honzökomoku-keimözufu   IX  fol. 

8.  verso. 

Iliih.  in  graminosis  Japoniae  borealis  et  temperatae. 

Kurilc? — Ins.  Sliikotan  (Ht-rb.  Kawakami). 

Hokkaido  (Yezo) — Prov.  Oshiuia  ;  Hakodate  (.M;ilsuuima  et  Yatabe)  :  Prov 
Shiribesbi  :  Zenibako  (K.  Miyabu  et  Tokubuchi)  ;  Prov.  Ishikari  :  ad  ripas 
fliivii  Toyohira  prope  Sapporo  {.].  Matsiiuiura),  Ishikari  (Kawakaini)  ;  Prov. 
IVjuri:  Oshainanbe  (Kawakauii). 

Htnshiu — Prov.  Mntsu  :  in  liloro  Kanej^a-'^'Wa  tractiis  Aouiori  ;  I'rov. 
lîikuzon  :  Obara  (ipso)  :  I'rov.  Shiuiotsuke  :  in  alpibus  Nikkô  (Augiisto  fl.)  ; 
in  pa<jjo  Fnjiwara  uiura  (K.  Xemoto)  ;  Prov.  Iwashiro:  Iwase  (ipso);  Prov. 
Sbinano  :  ad  pedes  ignivuuiis  A^auia  (ipse),  in  uionte  Shiojiri,  in  uiontibus 
Togakushi  et  Akadake  (V.S.)  ;  Prov.  Echiijo  :  ins.  Awojiina  (K.  Yeiidô)  ;  Prov. 
Musasbi  :  circa  Tokyo  (August,  fl.  Octobri  ir.  mat  !)  ;  Prov.  Sagami  (sec. 
Savatier)  ;  Prov.  Suruga  :  Murayau.a;  Prov.  Yauiashiro  :  in  monte  Hiyei  (T. 
Makino  Xovenibri  fr.) 
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'i^.  B.  multinervis  DC.  var.  minor  I^edeb.      Fl.  Ross.  II.  p. 

265. 

B.  multinervis  DC.  in  Miq.  Prol.  Fl.  flap.  p.  240  ;  Fr.  et  Sav, 
Eniim.  PI.  Jap.  I.  p.  179. 

Herba  perennis,  eaule  erecto  gracili  1-2-pedali,  fbliis  inferioribus 
lanceolatis  in  petiolos  attenuatis,  superioribus  sessilibus  ovatis  basi 
cordatis  amplexicaiilibus  apice  acutis  5-nerviis  ;  involucris  oligophyllis 
ovatis  inœqualibus,  umbellis  4-G-radiatis  radiis  .3-5-cni.  longis  ; 
involucellis  subpentaphyllis  lanceolato-ovatis  v.  snborbiculatis  viri- 
dibus  umbellulam  florentem  parum  superantibus  ;  umbellnlis  10-floris, 
pedicellis  brevibus  fructibus  oblongis  3  '^/a  mm  longis,  jugis  primariis 
acutis,  valleculis  2-3-vittatis,  commissuris  utrinque  2-vittatis. 

Norn.  Jap.  Hahusan-zaiko,  Togokuzaiko. 

Icon.  Jap.  Sömoku-zusetsu  V.  fol.  42  ;  Honzö-zufu  VIL  fol  11 
sub  Hotaruso. 

Hob.       Hokkaido— Prov.  Hidaka    Saruru  (Yatabe),  Horoizumi  (Tokubuchi). 

Honshiu— Prov.  Shinano  :  in  tractu  Kiso  (Yatabe)  ;  in  monte  Shirouma  (ipse). 

Distr.  Sibiria. 

4.    B.   triradiatum  Adans.  var.  alpinum  Hupr.  Rev, 

Umb.  Kamtsch.  in  Beitr.  Pfl.  Russ.  Reich,  pt.  XII  p.  26  ;  Fr.  Schmidt 
Fl.  Sach.  p.  135. 

Herba  perennis  1/2-1/3-pedalis  ;  foliis  radicalibus  oblongo- 
spathulatis  7-nerviis  basin  versus  attenuatis  subamplexicaulibus, 
caulinis  obovatis  vel  oblongis  ;  foliis  et  involucri  foliolis  subtus  glaucis  ; 
involucris  triphyllis  orbiculatis  ovatisve  1  cm.  longis,  8  mm. 
latis  multinerviis  inœqualibus  ;  umbellis  3-5-radiatis  ;  involucelli 
phyllis  5-6  oblongo — orbiculatis  vel  oblongis  multinerviis  apice 
mucronatis  coloratis  viridibus  subtus  glaucis  5  mm.  x  3-5  mm. 
umbellulam     sujDcrantibus  ;     pedicellis     brevibus     1-2     mm.     longis 
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umbellulis    10-1  â-flori«,    [)etalis   ovatis    involutis^   stiiminibiis  petalis 
subœqualibus,  «tylis  brevissimis,  stylopodio  rlepresso  in.'irn;'inf'  integro: 
fructibus  oblongis  jugis  j)arum  elatis. 
Nom.  Jap.  Rcpunzaiko. 

Hüb.        Yezo— Ins.    Rt-pun   (S.  Hori   Ati<!fsto    1887.   fr.  jiivpn.)   Ins.  Risbiri  (Communie 
T.  Kiiwakairii). 

Distr.  Kamtschatka,  Sachalin. 

Apium  L. 

Liuii.  Geri.  n.  367  ;  Willd.  Sp.  PI.  p.  1475  ;  Hofî'm.  Um- 
bellif.  I.  p.  75  ;  DC.  Prodr.  100.  104  ;  P.enth.  et  Hook.  Gen. 
Ph  I.  p.  888  ;  Endl.  Gen.  PL  II.  p.  794  ;  Bâillon,  Hist.  d. 
PI.  VU.  p.  212  ;  Drude  in  Nat.  Pfi.  Fam.  theil  HI.  abt. 
VIII.  p.  184. 
Helosciadium  Koch.  Umb.  125  ;  DC.  i.e.  104. 

Flores  hermaphroditi  ;  calycis  inargo  obsoietus,  petala  ovata  v. 
subrotunda  intégra  vix  acuminata  cum  lacinula  brevi-inflexa,  stylo- 
podia  depressa  margiiie  intégra  ;  fructus  ovato-orbiculatus  v.  oblongus 
a  latere  leviter  compressus,  ad  commissuram  constrictus  basi  rotundatus 
V.  saepius  plus  minus  emarginatus  ;  mericarpia  5-gona,  jugis  primariis 
prominulis  subœqualibus,  vittîie  ad  valleculas  solitariae  ;  carpophorum 
indivisum  v.  apice  bifidum  v.  nullum  ;  semen  facie  planum  v.  con- 
vexum — Herbae  annune  v.  perennes,  folia  pinnata  v.  decomposita, 
umbellae  oppositifoliae  v.  terminales,  involucri  bractea  pauca  ;  involu- 
cella   a — phylki  v.  nulhi  ;  flores  albi, 

1.  Apium  graveolens  L.  In  hortis  Tokyoensibus  saepe 
cultum.      Formosa — Takaw  (cult!  sec.  Henry);  Sinteck  (Hiraoka). 

2.  A.  Ammi  Ui'b.      in  -'Marti.  Fl.  I'rasil.  vol.  XT.  fasc.    I.   p. 
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341  pi.  9  (1S79)";  Drude.  Umb.  p.  175  fig.  64  A-C  ;  Lœsener.  PI. 
Seleriaii.  in  VmU.  Wevh.  Boiss.  II.  p.  552  ;  K.  Reiche  in  Engl.  Bot. 
Jahrb.  XXVIII,  heft.  I.  t.  l.fig.  od;  Coult.  et  Rose,  Synop.  Mex. 
and  Cent.  Am.  Umb.  p.  144  (1900). 

Apiiuii  laptoplijillinii  F.  V.  Muell.  Fragm.  Phytog.  Austr.  ML  p. 
148  ;  Benth.  Fl.  Austr.  Ill  p.  372  ;  Hook.  Biol.  Centr.  Am.  I.  p.  566  ; 
Coult.  et  Rose,  Rev.  N.  Am.  Umb.  p.  124  ;  Coult.  in  Contr.  U.  S.  N. 
Herb.  IL  1.  p.  147  ;  Britton  et  Brown  111.  fl.  S.  U.  S.  et  Canad.  IL  p. 
534. 

Helosciadiiwi  leptophylluw  DC.  Prodr.  l\ .  p.  104  ;  Griseb.  Fl.  l^r. 
West.  Ind.  isl.  p.  308. 

Heloi^daiUum  latenfnUuui      Koch.  Hook,  et  Arn.   Bot.  Beech.   Voy. 

p.  '^Q. 

JEtliusa  Ainiiti  Spr.  Umbel.  Prodr.  22. 

Herba  annua,  caule  tereti  ramoso  glabro  sicco  striato  pedali  ;  foliis 
ternatim  bi-tripinnatis,  segmentis  angustissimis  linearibus  I'/s  c^m- 
longis  1/2  mm.  latis  ;  petiolis  basi  dilatatis  amplectentibus  margine 
membranaceis  ;  ramis  axillaribus  ;  umbellis  oppositifoliis  sessilibus, 
vulgo  bi-,  rnrius  tri-radiatis,  radiis  sequilongis  ;  involucellis  nullis  ; 
umbellulis  5 — 7-floris,  pedicellis  aequilongis  4 — 5  mm.  longis  ;  calycis 
dentibus  obsoletis,  petalis  albis  lato-ovatis  apice  acutis  leviter  inflexis 
ob  costam  constrictis,  staminibus  petalis  brevioribus,  stylis  brevissimis, 
disco  parvo  ;  fructibus  minutis  ovatis  VJ^  mm.  longis  pedicellis  triplo 
brevioribus  a  latere  compressis  jugis  primariis  omnibus  œqualibus 
crassis,  valleculis  uni-vittatis,  commissuris  bi-vittatis  ;  seminibus 
sectione  suborbiculatis  ;  carpophoris  apice  breviter  bi-fidis. 

Nom.  Jap.  Matsuba-zeri. 

JlüO.  Kiusiu — Prov.  Hizen  :  Mogi  haud  j^rocul  a  Nagasaki  (S.  Ikeno,  Herb.  Acad. 
Dend.  6.  Augusto  anno  189i,  fl.  fr.);  circa  Nagasaki  frequeus.  (ipse  19  Julio 
anno  1901)    forsan  introductum  ! 
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Subgen.    Apodicarpum 

A.  Ikenoi  (Makino)  Drudc.  Herba  perennis  glabra  1 — 1/2 
pedalis  gracilis,  radice  tuberifern  fibris  fasciculatis  ;  oaule  erecto 
glabro  sulcato  cavo  subramoso  ;  foliis  10 — 12-cm.  longis  pinnatisectis 
5 — 7-foliolis,  segmentis  lateralibus  ovatis  v.  lanceolate — ovatis 
basi  cuneatis,  terminalibiis  latis  saepe  o-lobatis,  apice  acutis 
inciso-serratis  ;  petiolis  in  vaginas  attenuatis  membranaceis  ;  umbellis 
terminalibus  5 — 7-radiatis,  radiis  inœqnalibus  nunc  1/2 — 1  cm.  longis 
nunc  brevissimis  subsessilibus  ;  involucris  1 — oligopliyllis,  phyllis 
setuloso-lanceolatis  v.  pinnatisectis  ;  involucelli  foliolis  2 — 3  ;  um- 
bellulis  5 — 10-floris,  pedicellis  inaequalibus  ;  calycis  lobis  obsoletis, 
petalis  albis  ovato-orbiculatis  apice  acutis  cum  lacinula  brevi-inflexis  ; 
stylis  brevibus,  stylopodio  depresso  ;  fructibus  ovalibus  a  latere  com- 
pressis  ad  commissuram  constrictis  basi  rotundatis  2  1/2  mm.  longis  ; 
mericarpiis  jugis  primariis  angustis  prominulis  ;  valleculis  1 — . 
commissura  utrinque  1-vittatis,  carpophoro  nullo. 

Apodicarpum  Ikenoi     Makino  111.  Fl.  Jap.  vol.  I.  n.  IX.  t.  58. 

Apium  Ikenoi  Drude  in  Engl,  et  Prantl.  Nat.  Pfli.  Fam.  theil  III. 
abt.  VIII.  p.  185. 

Norn.  Jap.  Yekisai-zeri. 

Hab.       Prov.    Musashi  :    in   graminosis  ad  Toila,  prope  Tokyo.   (?.    Tkeno.  T.  Makino, 
ipse.  Majo  fl.  initio  juni  fr.) 

Petroselinum  Hoffm. 

Petroselinum  sativum  llofFm.      Harius  cultum. 

Cicuta  L. 

Linn.  Gen.  n.  354  ;  Willd.  Sp.  PI.  p.    1445  ;   Hotfm.    Umb. 
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L  p.  177  ;  DC.  Prodr.  IV.  p.  79  ;  Endl.  Gen.  PL  11.  p.  768  ; 
Benth.  et  Hook.  Gen.  PI.  I.  p.  889  ;  Bâillon,  Hist.  d.  PL 
VIL  p.  211  ;  Drude  in  ¥at.  Pfl.  Fam.  III.  abt.  VIIL  p. 
187. 

Culycis  limbus  acute  triangularis  ;  petala  obovatu  v.  obcordata 
acuminata  inflexa  ;  stylopodia  depressa  intégra  ;  fructus  late  ovatus 
didymus  latior  quam  longus,  ad  commissuram  constrictus,  mericarpia 
5-juga  crassa  ;  vittae  ad  valleculas  angustas  solitariae  ;  carpophorum 
bi-partitum  ;  semen  transverse  teres  a  dorso  plus  minus  compressum. — 
Herbae  perennes,  glabrae  ;  folia  bi-tripinnatisecta  v.  pinnatim  decom- 
posita  ;  umbella  composita  multi-radiata  ;  flores  albi  ;  involucri 
involucellique  foliola  saepe  0. 

Cicuta  virosa  L.  Sp.  p.  368  ;  Willd.  Sp.  PL  p.  1445  ; 
Alton,  Hort.  Kew.  II.  p.  149  ;  Spr.  Syst.  Yeg.  I.  p.  894  ;  DC.  Prodr. 
IV.  p.  99  ;  Sow.  Engl.  Bot.  479  ;  Ledeb.  FL  Alt.  I.  p.  359  ;  Ibid.  Fl. 
Ross.  11.  p.  '24:1  ;  Rupr.  Rev.  IJmb.  Kamtsch.  p.  24  ;  Maxim. 
Prim.  Fl.  Amur.  p.  124  ;  Fr.  Schmidt,  Fl.  Sach.  p.  134  ;  Miq. 
ProL  FL  Jap.  p.  245  ;  Coult.  &  Rose,  Rev.  N.  Am.  Umb.  p.  129  ;  Fr. 
et  Sav.  Enum.  PL  Jap.  I.  p.  80  ;  Forb.  et  Hemsl.  Ind.  FL  Sin.  I. 
p.  328. 

Clcutaria  aquatica      Lam.  Illustr.  t.  195. 

Slum  pinnis  laciniatis,  pinnidis  trifidls,  nemo  non  folioHo.  Gmel.  FL 
Sib.  L  p.  202.  no.  16. 

Radice  cavo  septato,  cauie  erecto  glabro  iistuloso  ramoso 
3 — 4-pedali  ad  nodum  petiolumque  atropurpureo,  foliis  saepissime 
tripinnatisectis,  segmentis  oblongo-lanceolatis  aut  lanceolatis  acutis 
serratis  ;  petiolis  plus  minus  amplexicaulibus  ;  umbellis  oppositifoliis 
terminalibusque  10 — 15-radiatis  ;  involucris  nullis  v.  1 — 2-phyllis  ; 
involucelli    foliolis    8 — 9    linearibus     umbellis  lequalibus     interdum 
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longioribus  ;  umbel  lis  niultifloris,  pedicellis  fructibus  duplo  longiori- 
bus,  cîilycis  lobis  acutis,  petalis  albis  obcordatis  inflexo-acuminatis 
fructibus  orbiculatis  valleculis  uui-vittatis. 

Folia  inferiora  circa  GO  cm.  lou^^'-a,  subtus  glaucescentia,  serrata, 
serraturis  acutis  ;  pedunculi  4 — 2  cm.  longi,  pedicelli  1/2  cm,  stamina 
petalis  longiora  ;  umbellae  terminales  tantum  fructiferae. 

Nom.  Jap.  Dohi-zeri. 

Icon.  Jap.  Sömoku-zusetsu  V.  fol.  12  sub  Özeri. 

Hab.       Hokkaido  (Yezo)—Prov.  Osliinia  :  ad  ripas  fluvii  circa  Hakodate  (R.  Yatabe, 
J.    Matsumura)  ;    Prov.    Ishikari  :  Sapporo  et  Sorachibuto  (Herb.  Kawakami)  ; 
Prov.  Iburi  :  Oshamambe  (Kawakami). 
Kurile — Shana  in  ins.  Etorofu. 

Uonsiu — Prov.    Shinano  :    in   fossis  ;    circa  radicem  ignivouii   Asama    (ipse)  ; 
in  monte  Wadatöge  (ipse)  ;  Prov.  Y'auiashiro  :  Uzi  (K.  Nagano.  Majo  fl.) 
Kiusiu— Prov.  Higo  :  circa  Kuuiamoto  (K.  Nakagawa  in  herb.  Makino). 

Distr.  China — Chili  :  prope  Peking  ;  Shingking:  ad  Ngantung- 
hsien  in  Chiu-lien  Chieng  (K.  Jimbo,  Julio  1895).  Tota  Europa  ; 
Asia  per  regiones  temperatas  ;  in  America  boreali. 

Cicuta  nipponica  Franchet.  Bull.  Soc.  Bot.  Franc.  Tom. 
XXVI,  p.  84.  (1879)  ;  Fr.  et  Sav.  Enum.  PL  Jap.  II.  p.  736. 

Caule  striato-sulcato  glabro  purpurascenti  ramoso  ;  foliis  inferio- 
ribus  bipinnatisectis,  segmentis  subsessilibus  lanceolato-oblongis  v. 
ovato-lanceolatis  basi  rotundatis  v.  cuneatis  arofute  inciso-serratis  2— 
2'/2  cm.  latis,  8 — 12  cm.  longis  subtus  glaucescentibus,  segmentis 
foliorum  superiorum  angustis  ;  involucro  nuUo  ;  umbellis  oppositifoliis 
âi5--^30-radiatis,  radiis  glabris  8  cm.  longis  ;  umbellulis  multiiloris, 
calycis  dentibus  acutis,  petalis  obcordatis,  staminibus  petalis  duplo 
longioribus,  stylopodio  depresso,  stylis  brevibus  dein  elongatis  reflexis  ; 
fructibus  orbiculatis  2  mm.  latis,  jugis  primariis  vix  prominulis,  vittis 
valleculis  solitariis. 
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Nom.  Jap.  Ozeri. 

Hüb.        Prov.    Musashi  :  circa  'l'ok^o  rarissima  ;  Prov.  Etchigo  :  in  locis  humidis  circa 
Niigata  (R.  P.  Fauriae.  See.  Franch.) 

Antecedent]  valde  affinis.  sed  foJia  friictusque  majora,  dentibus 
foliolorum  subaeqtialibus. 

Cryptolaenia  DC. 

DC.    Prodr.    IV.  p.  118  ;  EndJ.  Gen.  PI.  p.  771  ;  Benth.  et 
Hook.  Gen.  PI.  I.  p.  898  ;  BaiUon,  Hist.  d.  PI.  VII  p.  120  ; 
Drude  in  Nat.  Pfl.  Farn.  III.  abt.  VIII  p.  189. 
Deringia,    Adanson  "  Farn.   PL    IL    p.   498  ;   0.   Kunze,   p. 
266"  ;  Britton  et  Brown.  111.  Fl.  N.  St.  Can.  IL  p.  59. 

Calycis  margo  obsoletus  ;  petala  obovata  v.  obcordata  cum  lacinula 
infiexa  ;  discus  stylopodio  breviconic  coronatus  ;  fructus  oblongus 
a  latere  compressus  ;  mericarpia  jugis  5  arquai ibus  filiformibus,  2 
lateralibus  ante  marginem  positis  ;  vittae  valleculae  et  commissurae 
parvae  subcorticae  ;  semen  tereti  facie  planiusculum — Herbae  perennes 
glabrae  erectae,  folia  ternata  segmentis  ovatis  ;  umbellae  numerosae 
subpaniculatae  radiis  valde  inaequalibus  ;  involucrum  nullum  v.  1- 
phyllum,  involucella  oligopbylla  ;  flores  albi. 

Cryptotaenia  japonica  Hassk.  ''Hetz.  I.  113"  ;  Maxim. 
Mei.  biol  XII.  p.  467  :  Ito  et  Matsumura,  4'ent.  Fl.  Lutcb.  I.  p. 
528. 

Cn/ptotaenia  canadensis  S.  et  Z.  (non  DC.)  Fl.  Jap.  Fam.  Nat.  n. 
424  ;  A.  Gray,  Bot.  Jap.  p.  391  ;  Miq.  Prol.  Fl.  Jap.  p.  246  ;  Hance 
in  Journ.  Bot.  III.  p.  340,  V.  p.  114  et  VIII.  p.  276  ;  Fr.  et.  Sav. 
Enum.  Fl.  Jap.  I.  p.  182  ;  Forbes  et  Hemsl.  Ind.  Fl.  Sin.  I  p.  329. 

Sison  canadense     Thunb.  Fl.  Jap.  p.  118. 

(vaule  erecto  glabro  ramoso  1 — 2  pedali  :  foliis  trisectis  segmentis 
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sessilibus  oblongis  v.  rhombeis  inciso-dentatis  ;  petiolis  basi  amplexi- 
caulibus  gramineis  ;  involucris  1 — 2  minutis  setaceis  v.  0  ;  umbellis 
paniculatis  2 — 3-radiatis  ;  involucellis  2 — 3-phyllis  linearibus  setaceis  ; 
iimbellulis  2 — 4-floris  ;  calycis  dentibus  obsoletis,  petalis  albis 
oblongis  obovatis  apice  acutis  inflexis  ;  filamentis  petalis  œquilongis, 
antheris  albis,  stylis  erectis  petalis  vix  brevioribus  ;  fructibus 
oblonocis. 

Nom.  Jap.  Müsuba-zeri. 

Icon.  Jap.  Sömoku-zusetsu  V.  fol.  30  ;  Shitsumon-honzögaihen 
T.  t.  9. 

Hab.      Vulgo  culta.  In  humidis  sylvaticis  ubique  dispersa. 

Hokkaido  (Yezo) — Prov.  Iburi  :  Mororan  (.1.  Matsumura),  Oshamanbe  (Herb. 
Kawakauii)  ;  Prov.  Ishikari  :  Sapporo  (Kawakami). 

Honsiu— Prov.  Mutsu  :  ia  campis  Tokiwano  ;  Prov.  Iwashiro  :  in  tractu  Aizu 
(R.  Yatabe)  ;  Prov.  Shinano  :  in  monte  Usui  (ipse),  in  monte  Wadatôge 
(ipse),  loco  non  indicato  (Takashima)  ;  Prov.  Musashi  :  in  fruticetis  udis 
circa  Tokyo  (Augusto.  fl.  et  fr  !),  in  montibus  Takao  et  Mitake  (ipse)  ;  Prov. 
Sagami  :  in  jugo  Hakone  (ipse)  ;  Prov.  Suruga  :  in  monte  Fuzi  (N.  Öno),  Mura- 
yama  (J.  Matsumura)  ;  Prov.  Kawachi  :  in  monte  Kongösan  (T.  Tada)  ;  Pros- 
Izuiui  :  Tonohara  (S.  Matsuda)  ;  Prov.  Harinia.  Kashiuiamura  (U.  Ogami)  ;  Prov. 
Hôki  :  in  monte  Taisan. 

Shikoku— Prov.  Awa  :  Mitsumura  ;  Prov.  Tosa  :  in  monte  Yahazu  (R.  Y'atabe). 
Kiushiu— Prov.   Chikuzen  :    Ökawamura   in    Kasuyagöri   (K.    Nagano)  ;     Prov. 
Hiuga:  in  iguivomo  Kirishima  ;   Prov.  Bungo  :   Makino-kuchi   (S.Sato);   Prov. 
Higo  :  in  monte  A  so  (ipso)  ;  Ins.  Tsusima  (ipse). 

Liukiu— Ins.  Okinawa:  prope  Shuri  (K.  Miyake,  A.  Tasbiro,  T.  Ito)  :  Archipelago 
Yayeyama  (A.  Tashiro)  ;  Ins.  Kurushima  {X.  Tasbiro). 

Distrih.  China — Kiansi,  Hupeh,  K'wantung,  Hanchow  (C. 
Owatari  !). 

Var.  dissecta  ni.  Perennis  glabra,  caule  cavo  erecto  gracili  ; 
foliis  anibitu  deltoideis  trisectis,  segmentis  subsessilibus  glabris  pro- 
funde pinnatilobis  lobis  elongato-oblongis  inciso-serratis,  serraturis 
apice  mucronatis  ;  petiolis  inferioribus  longis  basi  dilatatis  amplexi- 
caulibus  superioribus  membranaceis;  umbellis  j)auiculatis  multi-radiatis, 
involucris  1 — 2  phyllis  setaceis;  umbellulis  laxifloris,  calycis  margini- 
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bus  obsoletis,    petal  is  albis  oblongis  apice  leviter  inüexis  ;  staminibus 
petalis  aequalibu8,  antheris  albis,  stylis  erectis  petalis  vix  brevioribus  ; 

fructibus (immaturis  !). 

Nom.  .Jap.  Ushi-milaiiha  (sec.  Keiske  Ito). 

Hob.       in  umbrosis  sjlvaticis,  ad  pedem  iguivomi  Fuji  (N.  Öiio.  Augusto  anno  1895)  ; 
Prov   Shimotsuke  :  ia  alpibus  Nikko  (K.  Ito  !). 

Ohserv.  Antecedenti  valde  atRnis,  sed  segmentis  foliorum 
pinnatifidis  inciso-serratisque  differt. 

Carum  !.. 

Linn.  Gen.  n.  365  ;  Willd.  Sp.  PI.  p.  1470  ;  Hotfm.  Umb. 
I.  p.  84  ;  Koch,  Umb.  121  ;  DC.  Prodr.  IV.  p.  114  ;  Endl. 
Gen.  PI.  p.  471  ;  Benth.  et  Hook.  Gen.  PI.  I.  p.  890  ; 
Bâillon,  Hist.  d.  Pfl.  YU.  p.  219  ;  Drude  in  Nat.  Pfl.  Fam. 
Ill.abt.  YIII.  p.  191. 

Calycis  dentés  obsoleti  v.  parvi  ;  petala  obovata  cum  lacinula 
inflexa  ob  costam  superne  intrusam  v.  2-lobata  ;  stylopodia  conica 
depressa  margine  intégra;  fructus  elongato-ovatus  a  latere  compressus  ; 
mericarpia  5 — ^.juga,  jugis  prominulis  aequalibus  lateralibus  marginatis; 
valleculae  1 — ,  commissurae  2-vittatae,  carpopborum  bifidum 
partitumve,  semen  facie  convexum  v.  planum — Herbae  annuae 
V.  perennes,  folia  pinnata  vel  pinnatim  decomposita,  involucra 
involucellaque  nulla  vel  oligopbylla  parva  ;  flores  albi. 

1.  Carum  Carvi  T..    Cult.! 

2.  C.  (Edosiniii)  neurophyllum  (Maxim)  Fr.  et  Sav. 
Enum.  PL  Jap.  I  p.  180. 

Edosmia  neurophi/lluni  Maxim,  in  Mel.  bioL  IX.  p.  16. 
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Herba  perenriis,  radice  tuberosa,  caule  erecto  sulcato  ^^ — 6- 
pedali  paucifolio  ;  foliis  inferioribus  bi-multi-pinnatisectis,  segmentis 
lanceolatis  linearibiis  ;  foliis  mediis  et  superioribu.s  pinnatisectis  1 — 8- 
jugis,  segmentis  omnium  foliorum  linearibus  apice  acurainatis  integris 
3-nerviis,  nervis  lateralibus  inarginantibus  ;  petiolis  basi  dilatato- 
subamplexicaulibus  ;  umbellis  compositis  8  —  12-radiatis  ;  involucris 
5  — 8-phyllis  linearibus  ;  involucelli  foliolis  7 — 8  linearibus  umbellulis 
florentibus  brevioribus  ;  umbellulis  10— multifloris,  calycis  lobis  ovatis 
triangulatis,  pedicellis  fructibus  duplo  superantibus  ;  fructibus  oblongis 
5-jugis,  valleculis  1-vittatis  ;  carpophoris  bipartitis. 

Nom.  Jap.  SJti)iiiir(i-tiinjin. 

fcon.  Jap.  Sömoku-zusetsü,  v.  fol.  29  ;  Nippon-sambutsushi,  pt. 
Musashi,  Vk  fol.  9. 

ilüh.  Prov.  Musashi:  in  grauiiuosis  ad  Shimura  circa  Tokyo  (ipse,  initio  August,  fl. 
et  fr.)  ;  Prov.  Shimosa  :  in  lîaludosis  et  orizetis  ad  Mania  prope  Tokyo  ;  Kiusiu, 
in  Kundshösan  sylvis  udis  Cryptoineriae  (sec.  Maxim). 

3.     Carum  holopetalum  Maxim,  in  Mel.  biol.  XII.  p.  46. 

Caule  erecto  iîstuloso  sulcato  ramoso  8  pedali  ;  foliis  bitern atisectis, 
segmentis  petiolulatis  ultimis  ovatis  2 — o-fidis,  laciniis  integris,  acutis 
V.  apiculatis;  umbellis  10 — 12-radiatis,  involucris  paucifoliis  filiformi- 
bus  ;  involucelli  foliolis  5 — 8  acutis  linearibus  v.  subulatis  ;  umbellulis 
multifloris,  calycis  limbis  acutis,  petalis  obovatis  cum  lacinula  brevi 
inflexa,  stylopodio  depresso;  fructibus  ovalibus  oblongis  jugis  filifor- 
mibus  ;  mericarpiiss  ectione  trans versali  pentagonalibus  valleculis  1- 
vittatis  ;  commissuris  minutis  2-vittatis,  carpophoris  bipartitis. 

Nom.  Jap.  Ihuki-zeri. 
.;,'   Icon.  Jap.  Sömoku-zusetsu,  v.  fol.  2G. 

Mab.  Hokkaido  (Yezo) — Prov.  O^shiiua:  Sasayama,  propo  opidVilum  Yesashi  (K. 
Miyabe). 


RE  VISIO  UMBELLIFEHAKÜM  JAI'ONICARUM.  4J} 

Honshiu — Prov.  Mutsu  ;  iu  u)üute  Iwakiyaina,  ;  Prov.  Ugo:  in  monte  Gassan  ; 
Prov.  Iwasliiro:  in  monte  lidesan  (R.  Yatab«'  et  J.  Matsumura)  :  Prov.  Kaga  : 
in  monte  Hakusan  (R.  Yatabe.  Auguste  ^'r.) 

4.  C.  (Cryptotaeniopsis)  Tanakae  l^'i*-  et  Sav.  Enum.  PI. 
Jap.  II.  p.  370  ;  Franch.  Note  Sur  Quelque  Omb.  d.  Yunnan,  p.  17 
(extrait  d.  Bull.  d.  Soc.  Philom.  Paris.  1894). 

Pimpinella  Tanalme  Diels,  in  Engl.  Bot.  Jahrb.  XXIX.  p.  494. 

Carum  ßicinnvi  Fr.  Bull.  Soc.  Philom.  Paris  8.  sér.  YI.  p.  121. 

Pimpinella  filicina  Diels,  Engl.  Bot.  Jahrb.  XXIX.  p.  494. 

Chamœla  î  Tanakac  Fr.  et  Sav.  1.  c.  I.  ]>.  185. 

Rhizoma  crassum  cylindricum  interdum  ramosum  ;  caule 
humili  c.  1/2  pedali  gracili  erecto  simplici  glabro  ;  foliis  radicali- 
bus  longe  petiolatis  circumscription e  deltoideis  bipinnatisectis  v. 
biternatis,  segmentis  plerumque  subsessilibns  petiolulatisve  oblongis 
V.  cuneato-oblongis  3 — 5-fidis,  lacinulis  apice  mucronulatis  petiolis 
elongatis  basi  late  dilatatis  ;  foliis  caulinis  tantum  uni-  v.  biphyllis 
nunc  bipinnatisectis,  segmentis  auguste  lanceolatis  v.  lanceolato- 
linearibus  ;  umbellis  terminalibus  solitariis  8  — 10  v.  20-radiatis,  radiis 
filiformibus  subœquilongis  patentibus  ;  involucris  0.  v.  1  setaceis, 
involucelli  foliolis  1 — 2  parvis  setaceis  ;  umbellulis  2 — S-floris  brevi- 
pedicellatis,  calycis  dentibus  obsoletis  ;  petalis  albis  ovatis  ;  stylis 
brevibus  stylopodio  conico  ;  fructibus  oblongis  a  Intere  compressis  2 
mm.  jugis  5  primariis  tenuibus  ;  valleculis  1-vittatis  commissulis 
utrinque  1-vittatis,  carpophoris  bi-pârtitis. 

Nom.  Jap.  Iwasentösö  (sec.  T.  Makin<>). 

Hab.      In  sylvis  opacis  alpibus  Japoniae  mediae. 

Prov.  Shimotsuke  :  iu  monte  NikkÔ  (Junio  fl.  julio  fr  !)  ;  Prov.  Shinano  in  monte 
Togakushi  et  aliis  montibus  ;  Prov.  Suruga  :  in  monte  Fuji  :  in  in.s.  Shikoku  : 
Prov.  Tosa,  in  monte  Tebako  (T.  Makino]. 

:      Distrib.  China  centrali.  .:s 
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Aegopodium  L. 

r.inn.  Gen.  ri.  '^6S  ;  VVilld.  Sp.  Tl.  p.  1476  ;  HofFm.  ümb. 
p.  80  ;  DC.  Prodr.  IV.  p.  114  ;  Endl.  Gen.  PL  p.  771  ; 
Beiith.  et  Hook.  Gen.  Pl.-I.  p.  893  ;  Drude,  Nat.  Pfl.  Fani. 
[ir.  abt.  VIII.  p.  196. 

1.  Aegopodium  podagraria  I-  Sp-  379;  Willd.  Sp. 

PL  ]).  1476  ;  Hoffm.  Umbellif.  L  ]>.  82;  DG.  Prodr.  IV.  p.  114  ; 
Ledeb.  FJ.  Alt.  I.  p.  354  ;  FL  Ross.  IL  p.  247  ;  Coult.  et  Rose,  Rev. 
N.  Am.  ümb.  p.  133. 

A.foliis  caidinis  summis  tematis.     Gmel.  FL  Sib.  I.  p.  220  no.  31. 

Fimpinella  angelicaefoUa  Lam.     Encycl.  L  p.  451. 

Sison  podagraria  Spreng.     Syst.  Veg.  I.  p.  886. 

Gaule  erecto  sulcato-angulato  glabro,  foliis  bi-triternatis  v. 
pinnatis,  segmentis  petiolulatis  terminalibus  siepe  trisectis  ovato- 
oblongis  basi  rotundatis  v.  cordatis  serratis,  serraturis  mucronulatis, 
superioribus  ternatis  oblongis  v.  obiongo-lanceolatis,  laminis  glabris 
subtus  glaucescentibus,  ad  nervös  puberulis  ;  involucri  et  involucelli 
foliolis  nullis;  umbellis  15 — 20-radiatis,  radiis  3 — 4  cm.  longis  sulcatis, 
caulibus  summis  et  radiis  interne  puberulis  ;  umbellulis  20—30- 
floria,  petalis  albis  obovatis  unguiculatis,  stylis  petalis  subsüquilongis 
dein  refiexis,  fructibus  ovato-oblongis. 

Nom.  Jap.  Iivamitsuha. 

Hüb.        l'rov.  Shinano  ?     |ln  horto  Bot.  Tokyoonsi  cultum.) 

Distrib.      In  sepibus  Europae  totius,  in  Rossia  et  Sibiria. 

2.  A.  alpestre  Ledeb.  Fl.  Alt.  L  p.  354  ;  Fl.  Ross.  IL  p. 
248  ;  Reg.  et  TiL  FL  Ajan.  p.  96  ;  Trautv.  &  Mey.  FL  Ochot.  p.  43  ; 
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MaxiD).  Primit.  F\.  Amur.  p.  124;  Fr.  Schmidt.  Fl.  Sach.  p.  135  ; 
Benth.  et  Hook.  Gen.  PI.  I.  p.  893  ;  Miyabe,  FJ.  Kurile  Isl.  in  Mem. 
Bost.  Soc.  Nat.  Hist.  IV.  n.  VII.  p.  235  ;  ïrautv.  1^1.  Sibir.  Bor.  in 
Acta.  Hort.  Petr.  v.  \\  61  ;  Diel.  Fl.  Centr.  China,  in  Engl.  Bot. 
Jahrb.  XXIX.  p.  497. 

Pedale,  caule  glabro  erecto  oligophyllo  ;  foliis  bi-tripinnatisectis, 
segmentis  ovatis  superioribus  augustis  argute  serratis,  serraturis 
mucronulatis,  petiolis  inferioribus  elongatis  basi  dilatato-attenuatis, 
superioribus  amplis  vaginatis  ;  involucris  nullis  rarissime  1  setaceis  ; 
umbellis  8 — 12-radiatis,  radiis  1 — 3  cm.  longis,  involucellis  nullis  ; 
umbellulis  10-multiiloris,  petalis  oblongis  v.  obovatis  apice  emarginatis, 
filamentis  petalis  duplo  longioribus  ;  stylis  erectis  dein  reflexis  ; 
fructibus  ellipticis  2  mm.  longis  jugis  filiformibus. 

Hflh.       Kurile — Ins.  Shikotan  (sec.  Miyabe.) 

Hokkaido   (Yezo) — Ins.   Rishiri   (S.  Hori   et   T.  Kawakami)  ;    Prov.    Ishikari . 
Sapporo  (K.  Miyabe,  Y.  Tokubuchi  et  T.  Kawakaiui,  A.  Ideta)  ;  Prov.  Neniuro  : 
Otsuisbi  (R.  Yatabe)  ;  Prov.  Hidaka  ;  Saruru  (K.  Miyabe). 
HonsJu — Prov.  Uzen  :  Rokujurigoye  (Aut^usto  1887.  fl). 

Distr.  In  Sibiria  altaica,  baikalensi  et  ochotensi  :  Manchuria  ; 
Sachalin. 

Subgen.  Chamaelc. 

Chamaele  Miq.  Prol.   Fl.  Jap.  p.   247  ;  Fr.  et  Sav.   Enum. 
PL  Jap.  I.  p.  184  et  II.  p.  374. 

Calycis  margo  obsoletus  ;  petala  orbiculato-oblonga  v.  obovata 
apice  unguiculata  cum  lacinula  brevi-inflexa  ;  stamina  suberecta 
petalis  subsequalibus,  filamentis  subulato-filiformibus  antheris  ellipticis 
didymis  ;  styli  breves  suberecti  dein  deflexi  ;  stylopodium  leviter 
compressum  margine  integrum  ;  fructus  obovato-oblongus  a  latere 
(nee  a  dorso  ut  cl.  Miquel  descripsit)  compressus,  ad  commissuram 


[(i  AIM'     I,      ^      V  \HK 

|»;«nnii  mnslrifi  ii<  ;  m('ri(';ir|ti;i  si'cliniic  siili|>(Mil;iL;()ti:i,  jnnis  priiii.'iriis 
\i\  |troiniiiiilis  l'  in!irL;in;iiil  ihiis,  xillMc  inilhic,  seinen  scclione 
snlii>rl»i(  iiImI  iiin,  l.irir  roiiNrxdiii.  <  ;ii[)(t|(lioi-nni  lti|i:trl  il  uni.  IIci-Iimc 

IH'rennes,  cjiiile  !i|iliyll(i  sr!i|>ili>fini,  liili,!  lii  lri|)iiin:ilis('ct;i.  luiilielh 
lfrniin;ili;i   |i;ni<'i  i';nli;i(;i,  :  in\i>lnrr;i  iii\  oIihtIIikihc  niill;i.  (lores  nlhi. 

A.  (,< 'li;iin;iele)  tenera  1  ^''<|- ^  (';iiile  Innnile  LM)  ."»()  em.  loneo 
ei'eelo  L;r:ieili  i;|;il»r'>  IdIi;)  snperiinli  seiipiloniii  ;  loliis  lere  oiiiiiiI)iiM 
i';iilie;ililnis  peliolis  Lir!ieilil)ns  10  1.)  em.  lonnis  e!m;ilienl;il  is  Icisi 
\  MLjiiiMl  is  ;  himinis  (nlinrnm  lii  lri|tiiiii;ilisee|is,  sei^nieiilis  prim.'ii'iis 
«lislinete  pet  ioltil.'il  is,  seennilnriis  I)revi]iel  iohiliil  is  \'.  siihsessilihiis, 
nllimis  eniieiilis  .-id  Mpieivs  .">  ,')  denliiliN  fi.'^sis  l(>I);ilis\  e  ;  nmliellis 
lei'min;ililMis  .")  .'i-i'Mdiiilis,  r;niiis  injiMpiiloiinis  unieo  ssi'pe  siiIksom- 
sile  ;  iiiNtilnero  in\  oliieellocpie  iiiillo  ;  nmlu'Iliilis  .')  S-lloris.  cmInims» 
lt)l)i>s  ()l)si)lelis,  pe(;ilis  .'illiis  nltlonL^is  iipiee  nn^nienlal is  ;i  meilio  le\  i((M" 
<'Onstri(Mis  ;  slnminilMis  pelnlis  snhaMpiiililins,  ;ni(lieris  nlliis  demnm 
Itrniineis  (liiUniis.  si  vus  lu'evilms  delloriil  is  elmieMi  is  relicxis.  ,slvh)- 
poiliti  depi'essn  ;  liMieliltiis  ovmIo  ol)l<)iii^is  ;i  Iiilei'e  \;dde  e(>m|tressi.s  ; 
merie.'n'jtii  unis  l;iler;dil)ns  r.-irius  nliorlis  ;  jn^is  pi-imnriis  nmniluis 
lililormiltiis.  ;nnln(  n  sidtp^Miln^onMliluis  e\  il  (;il  is  ;  stMnmiltns  I  rnns\(>rse 
lereliluis.  I'leie  eonxcxis,  e;irp«)|>l\oi-is  liipail  il  is. 

('hiiiiiticlr  It'ihni  Mi<|.  I'n>l.  I'd.  dnp.  p.  'J  I  7  ;  l''r.  iM  S:i\.  I'jnnn. 
IM.  .Im]..   I.  p.   IS  I  el   ir.  p.  :\7  \. 

Siinii  ({('('iDithi'ii^   Thunl».      I'd.  d;ip.  p.   1  IS. 

Iron.  d;i|>.  Sr»mt)kii/.ns(>isii,  v.  loi.   HI. 

//'i/i.  In  undirosis  s\|\iilieis  p(>r  lot;un  djiponiim.  Aprili  fl. 
\  iTsus  Miiji  exilnm  iVnelus  m;il. 

llokk.utlo  (Yo^o)     Trov.  Ilidivk:«  ;  llon>iK(ni\i  (K.  Yulnbo)  j  Vrox.  Islukari  :  oirOii» 
Sm>ioio   (K.    Mivniii',   T     Knwakntui)  ;    Prov.    Kushir«:    ii\    ijrnivoMm    Mivvkan 
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•  Hoashiu — Prov.  Rikuzen  :  in  moute  Ouiori  (Herb.  Yasuda),  in  monte  Taihaku- 
san  (K.  Yendô)  ;  Prov.  Shimotsuke  :  in  alpibus  Nikkö  (K.  Nagano  et  Ipse); 
Prov.  Musaslii  :  in  uiontibus  Chichibu,  Takao  et  Mitake,  circa  Tokyo  (ipse); 
ProF.  Sajjami  :  in  monte  Oyama  (Herb.  Mus.  Imp.),  Hakone  (ipse)  ;  Prov. 
Awa  :  in  monte  Kiyosumi  (Herb.  Mus.  Imp.)  ;  Prov.  Izu  :  in  monte  Amagi 
(S.  Okubo)  ;  Prov.  Ise  :  Nishiura  cii-ca  'oppidulum  Tsu  (K.  Tani)  ;  Prov. 
Kaga  :  Tchinoshiku  (T.  Ichimura). 

Var.  japonica  (Makino).  Radice  fibrosa,  caule  humile 
glabro  striate  foliis  duplo  longioribus  ;  foliis  omnibus  radicalibus 
longe-petiolatis  pinnatim  decompositis,  laciniis  augustis  lanceolato- 
linearibus  apice  mucronullatis,  petiolis  basi  dilatatis,  vaginiis  ampliatis 
hyalo-membranaceis  ;  involucris  involucellisque  nullis,  umbel  lis  3- 
radiatis  fere  omnibus  pedunculatis  ;  umbellulis  3 — o-floris,  calycis 
dentibus  obsoletis  ;  petalis  albis  oblongis  apice  obtusis  plus  minus 
involutis  ;  staminibus  petjilum  sequantibus,  antheris  albis  flavescentibus 
demum  testaceis,  stylis  longis  erectis  defloratis  defiexis  ;  fructibus 
5-gonalibus  vittis  nullis,  jugis  vix  conspicuis,  carpophoris  bipartitis. 

Caulis  circa  15  cm.  longus  ;  folia  10  cm.  longa  ;  pedunculus  2 — 3 
cm.,  fructus  Ij  mm.,  pedicellus  1 — 2  mm.  Precedent!  proxima, 
a  qua  tamen  statim  differt  segmentis  foliorum  augustis,  umbellis  fere 
omnibus  pedunculatis  3-radiatis  ;  antheris  albo-flavescentibus. 

Chamaele  japonica  Makino  (mss.). 

Nom.  Jap.  Miyaina-Sentösö  ;   Hosoba-Sentôsô. 

Icon.  Jap.  Sömoku-zusetsu.  V.'fol.  17. 

Hah.       Prov  Owari  ?     In  horto   botanico  Tokyoensi  culta.     Aprili  fl.  Majo  f  r.  luat  ! 

Pimpinella  i^. 

Linn.  Gen.  n.  366  ;  Hotfm.  Umb.  I.  p.  88  ;  DC.  Prodr.  IV 
p.  119  ;  Benth.  et  Hook.  Gen.  PI.  I.p.  893  ;  End!.  Gen 
PL  II.  p.  771  ;  P>aillon,  Hist.  d.  PI.  VII  p.  119  ;  Drude  in 
Nat.  Pfi.  Fam.  in  abt.  VIII.  p.  195.     : 
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C.'ilycis  dentés  obsoJeti  ;  j)etalji  obovatu  v.  ovata  cum  lacinula 
inflexa  ;  fructus  glaber  ovatus  a  latere  compressus  basi  emarginatus 
apice  subcapitatus,  stylopodium  latum  conicum  ;  mericarpia  jugis 
primariis  5  œqualibus,  vittae  parvae  plurimae,  carpophorum   2-fidum 

V.  partitum,  semen  subteres  facie  planiusculum Herbae  perennes  ; 

folia  pinnatisecta  v.  ternata  serrata,  umbellae  multi-radiatae,  invohicri 
et  involucelli  foliola  nulla  v.  pauca  ;  üoves  albi. 

i-    Pimpinella  calycina    Maxim,  in  Mel.  biol.  .IX.  p. 

184  ;  Fr.  et  Sa  v.  Enum.  PI.  Jap.  Lp.  182. 

Herba  perennis  glabra,  caule  erecto  1 — 2  pedali  subramoso  ;  foliis 
radicalibus  longe-petiolatis  bi-ternatisectis,  segmentis  oblongis  v. 
cuneato-ovatis  v.  rhombeo-oblongis  serratis  ;  foliis  superioribus 
trisectis,  segmentis  oblongis  v.  ovato-lanceolatis  c.  10—15  cm.  longis 
4 — 2  cm.  latis  acimiinatis  grosse  serratis  petiolis  gramineis,  laciniis 
omnibus  foliorum  membranaceis,  ad  margines  et  reticulas  scabro- 
pilosis  ;  petiolis  sursum  pilosis,  vaginis  attenuatis  v.  plus  minus 
angulatis  ;  involucris  paucipbyllis  brevibus  linearibus  ;  umbellis  8 — 10- 
radiatis,  o — o  cm.  longis  summo  pilosis  ;  involucelli  phyllis  circa 
4 — ()  brevibus  setosis  ;  umbellulis  nmlti-vulgo  15-floris  ;  calycis 
dentibus  lanceolatis  acutis  ;  petalis  albis  ovatis  involutis  staminibus 
petalis  duplo  longioribus  patentibus  ;  antheris  brevi-oblongis  badio- 
rubris  ;  stylis  brevibus  dein  elongatis  ;  fructibus  ov;ito-oblongis  glabris 
multivittatis. 

No)n.  Jap.  Kanotsumesô,  Dakezeri. 

Icon.  Jap.  Flonzözufu  IX.  fol.  10  ;  Sömokuzusetsu  V,  fol.  27. 

Hah.  In  umbrosis  nemoralibus  Japoniae.  Mense  Augusto  fl., 
Octobri  fr.  mat. 

Hokkaido  (Yezo, — Prov.  Uidaka  :  S.iruru  lY.  I'okabuchi)  ;  Prov,  Iburi  : 
Muroran  (J.  Matsumura)  ;  Prov.  Ishikari  :  Yübari  ;  Prov.  Iburi  :  in  monte 
Eniwa  (Herb,  Kawakami).  ■      ■ 
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Uonshiu  — Prov.  Miitsii  :  Aoir.ori  (Auousto  Û.) -.  Prov.  Ilikuzen  :  Semlai 
(Herb.  Yasuda),  Aono  (ipse  Au<>-iito  fl.)  ;  Prov.  Iwasliiro:  Yumoto  iu  tractu  Aizu 
(Augusto.  fl.  E.  Yacabe)  ;  Nakanosawa  in  Yaniagôri  (K.  Nemoto)  ;  Prov . 
Shimotsuke  :  in  alpibus  Nikkö  (Augnsto— Octobri)  ;  Prov.  Shinano  :  Fukushima 
in  radice  uiontis  I\ouia<?atake  (Augusto.  E.  Yatabe  et  J.  Matsumura)  ;  Prov. 
Musashi  :  circa  Tokyo  et  in  raontibus  Mitake,  Kobotoke  (ipse)  :  Prov.  Kai  :  in 
monte  ]Misakatoge  ;  Prov.  Suruga  :  in  monte  Fuji. 

Kiushin — Prov.  Hizen  :  Nagayauia  in  Sinum  Simaljarae  :  Kuudshô-san  (sec- 
Maxim.) 

Observ.  Plantae  quae  in  humidis  montanis  (Tescunt  variant 
foliolis  minoribris  trnnioribus  profunde  serratis  pubescentibus. 

-•    P.  serra    l'i".  <'t  Sav.  Enum.  PI.  IL  p.  ;]7i. 

LV'i'ennis,  cauJe  crecto  iistuloso  oO — 100  cm.  alto  gjabro  strinto 
tereti  subramo.so  ;  Ibliis  longe  petiolatis  trisectis,  segmentis  subsessilibus 
terminalibus  saepe  petiolatis  trisectis  v.  triiidis,  lobis  omnibus  oblono'is 
lanceolatis  v.  ovatis  apice  acuminatis  basi  rotundatis  v.  attenuatis 
margine  lequaliter  serratis  albo-chartaceis  ;  involucro  nullo  v. 
1-phyllo  setaceo  ;  umbellis  pauci-(-± — 5)-radiatis,  radiis  inèequalibus  ; 
involucellis  sub-pentaphyllis  setaceis  inœqualibus  ;  umbellulis  4 — (3- 
floris,  pedi(^el]is  7 — S  mm.  longis,  petalis  albis  late  ovatis  apice  acutis, 
iilamentis  petalis  subtequalibus  antheris  albis,  stylopodio  conico 
depresso,  stylis  brevibus  ])osr  authesin  elongatis  ;  fructibus  ovatis, 
valleculis  trivittatis. 

Nom.  Jap.  Taiü-iiilt>;üb(i,  Kisoiiinkiujo. 

Jtldh.  Prov.  Iwaki,  prope  Tnira  (K.  Okada)  ;  Prov.  Shimotsuke:  in  alpibus  XikkG 
(Augusto.  1884);  Prov.  Shinano:  in  fissuris  montis  Asauia  (ipse),  in  humidis 
umbrosis  montis  Wadatoge   (ipse)  :   Prov.  Kai  :  Kawaguchi.  (coll.  ign.) 

•>•  P.  diversifolia  i^^'-  IVodr.  I\'.  [>.  122  ;  Clnrkc  in 
Hook.  f.  Fl.  Br.  Lui.  IL  p.  (>(S8  ;  Lorbes  et  Hemsl.  Ind.  Fl.  Sin.  Lp. 
829  ;  Diels,  FL  Centr.  China.  P.  490. 

r.  sinica  Hance  in  Journ.  Lot.  LSG8.  p.  llo  ;  Maxim  in  Mel. 
l'.iol.  IX.  p.  185  ;  Franeh.  et  Sav.  Enum.  PI.  Jap.  I.  p.  182. 
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I '/((tiir(ii>lir  /(iponicd       .Mi(|.   I'l'ol.   I'l.  'I;i[>.  ]).  iH"). 

IManta  (kjiisc  pubcsccns  \-.  siihloinciitosa  ;  caiilc  siilcato  '2 — .")- 
pcdali  ;  Inliis  ini'cfinrihiis  lonnc-pctiolatis  late  on  atn-coi-datis  serratis, 
(:a.ulinis  incdii.s  ct  sirp('ri()ril)iis  ti'i-secti.s,  sc^'iiicntis  ])(;ti()lii]atis  v. 
.80S.siliI)ii.s.  valdc  variahili.s,  ovati.s  v.  rhombeo-obloiiu'is  l)asi  i-otuiidatis 
cordatis  v.  cimeatis  iiitenliiin  laiiccolati.s  aiig'u.stis  ])i-()fnrid(i  ])iimatirtdi.s 
iu(;is()-deiitatis.  dcntibii'^  Jiiucronatis.  laciniis  rariiis  linoarihtis  ;  foliolis 
oiiiiiihiis  supra  scahriiisculis  snl)tiis  ad  ikm'nos  piil)('sr('iitibiis  ;  iiiNolii- 
ccdli  pliN'llis  1 — [.  uinlicllidis  Horciitibiis  vix  bi'cvioi-ihus  ;  uiid)cllidis 
10 — lô-fioris.  pc'dicellis  ij'J  c.wi.  louais,  petalis  a  Ibis  <natis  acuiniiic 
infiexis.  Hlaincntis  petalis  lonoioribus,  stvlis  l)iv\issiinis.  stvlopodio 
.sul)depresso,  fructibus  ovato-ü'Iobosis,  vallecubs  multi-vittatis. 

Noiii.  -lap.  MitsuhiKjusa . 

[con.  dap.  Sômokii-ziisetsu.  V.  fbl.  l\'2.  n'cto  ;  Sbitsunion-TIoiizö- 
gaihcii,  r.  fob  !). 

I lnh.        Nippon    media,    propo    Vokusuka    (.Sec.    Fr.   ct   Suv.) 

Kiushin — Prov.  Bungo  (^^ept«ulb^i  fl  !)  ;  Prov.  Chikuzeu:  Kuluira  (K.  Nayaiio), 
in  monte  Oyasuuii  (K.  Nagano)  ;  iu  monte  Hôuiaudiike  (K.  Nagano  ex  Herb. 
Makiuo)  ;  Prov.  Hizen  :  ad  montem  Tarayama  in  Shimabara  (sec.  Maxim.) 
Prov.  Higo  :  in  valle  moutis  Mamiwara  (sec.  Frauch.),  in  monte  Aso  (ipse); 
Prov.  Hiuga  :  in  ignivoino  Ivirialiima  ;  Prov.  Osiimi  (Herb.  Alns.  Imp.). 

Jjistrili.      ('luna  :  Jlu])cb,  Kwanuluiiu-  ;  Iiuba  l)oroab. 
P.  magna  L.      Fr.  ct  Sav.  Kmun.  IM.  I.  |).  LSI. 

Kiiisliiii    -Iu  fniticctis  hcrbosi.s  ;  in  inonti'  l\ inKlslKv/a.n  (Herb.  Sav.  no.  Ü). 

Nothosmyrnium  Miq. 

.Mi(|.  Ann.  :\Ius.  i'.ot.  Lugd.  liatav.  FIL  W  5S  ;  r,ai]lcn  Hist, 
d.  IM.  p.  22\);  Drud.'  in  Nat.  VW.  Fan),  llf.  al)t  Vfll.  p.  l(î(î 
(adnot). 
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Calvcis  lijnltiis  obsoletus  ;  pet;il:i  obovuta  iiniiKTs  i:i  aj)ic('  [)lan;i 
V.  Icviter  involuta;  stylus  l)n'vi.s,  stylojxxlio  crasso  l)r(;vi  couico 
instnu'ti.s  ;  fnictus  (li(]yiiins  l)a8i  cuiarg-iiintiis  oxato-o-lobosiis  ad 
commissui-aiii  valdc  constrictiis  ;  lucricarpia  jiiga  tenera  ülifonnia  iiec 
Cf)iisi)icvia  ü'lobosa  a  dorso  Icvitcr  coinpn^s.su  ;  vittac  vallccidac  nuiltae 
superficiales  ;  senieii  sectione  siibtorcs  ad  (•oiiiinissuraiii  plaiiiuscuilum 
nee  involutinn  1  ('arj)Oi)horniii  bipartitinii — llerl)ae  perennes  glabrae  ; 
fbli:i  bipiiniatiseeta  ol)l(>]iu"()-ovat"a,  imoliieri  et  "nivoliicelli  o1i<i-()])li\  lli  ; 
flores  albi. 

Nothosmyrnium  japonicum  M'm-     '''"J-  ^ '•  ''^M'-  I^- 

^4()  ;  Fraueli.  et   Saw  Eiiuin.   Tl.  .bi]>.    \.  [k  ISi^  ;  Fraiieb.    PI.  David. 
I.  ]).  140  ;  Forbes  et  Ilemsl.  lud.  Fl.  Siu.  L  p.  D^iK 

(^aiile  tistuloso  sulcat(j  raiuoso  subtiexiioso  e,  o-pedali  viridi  ad 
nodos  purpuref)  ü'laliro  rainis  iuuovaiitibus  pubesceiitibus  ;  i'oliis 
circumscriptione  ovato-oblougis  bi-])iuuatisectis,  foliolis  infimis  sid)- 
petiolatis  reliqiiis  sessilibus,  foliolis  iate-ovatis  rlioinbeo-oblongisNe 
acutis  du[)licat()  serrntis  subtus  ad  nervös  pilosis  ;  ])eti()lis  basi 
vaginatis,  foliolis  supreniis  ad  vaginas  reductis  ;  involucris  o — 4- 
phyllis  meinbrauaceis  late  ianeeolatis  acuniinutis  demuin  reflexis,  radiis 
10-multis,  suba'quilongis  o — 4  cm.  longis  ;  involucellis  4 — ö-phyllis 
lute  oblongis  \'.  Ianeeolatis  acutis  albis  cum  nervis  viridibus  reflexis  ; 
umbellulis  multi  (lô)-fl()ris,  pedicellis  filiformibus  c.  1  cm.  longis, 
calycis  dentibus  obsoletis,  ])etalis  albis  obovatis  nninerviis,  staminibus 
petalis  vix  longioribns  n.  brevibus,  stylis  brevibus  erectis,  antheris 
albis  oblongis.  fructibus  atro-viridibus,  mericarpiis  globosis,  jugis  fere 
nuUis,  valleculis  multi  vittatis  ;  seminibus  sectione  transversali 
subteretibus,  commissuris  planis  v.  <'onvexis. 

Xoiii.  'fajj.  KOlion,  kdsdiiKM-li.i. 

Icon.  riap.  Kawi.  I.  fol.  .').  sub.  Kölit)n  ;  lion/.özufu,  IX.  fol.  (J  et  7. 
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llilh.  Prov.  Musashi  :  in  iiuibrosis  huniidis  circa  Tokyo;  Prov.  Tos^a  :  Sakawa  (T. 
.\[akino);  Prov.  Ohikuzen  :  in  pafjo  K.M<,'.>iiiurn.  (K.  .V;if>anô).  Sept— Octx)l.ri  ti. 
Xovenihri  fr.  unit  !     Introiliiotiun  'f 

D/'^tr.      (  'hi lia  :   Kiaiiii'si. 

Slum  I.. 

Linn.  Gen.  n.  ;i-i.S  ;  WilM.  Sp.  IM.  ]).  14;^  ;  DC.  IVxlr.  I\'. 
p.  154  ;  End].  Gen.  V\.  I.  p.  772  ;  lîenth.  et  Hook.  I.  p. 
893;  Bâillon,  Hist.  d.  PI.  VTT.  212  :  Drnde  in  Xat.  PU. 
Fani.  TIT.  abt.  VIIT.  p.  197. 

(  "alycis  (Tentes  acnti  parvi  ;  petala  obcordata  enuirginata  cion 
lacinula  infiexa,  styli  brevi  erecti  v.  refiexi.  stylopodio  depress<j 
oonic^o  :  fructus  ovatus  ji  latere  compressus  ad  commissnram  constrictns 
juga    primaria    prominnla,    vittae   valleculae   multae    et    irregulariter 

sparsae  ;    semen    facie    planum     ('ar])ophorum    individiun^ Herbae 

perennes  ;   folia   pinnata    v.    decomposira.    foliola    dentata  ;    umbellac 
i'ompositac,  iiiNohicra  et  in\ oliicella    y:   ;  flores  an)i. 

Slum  Ninsi  J-  ^  o<l.  202.-)  ;  Maxim,  in  Mel.  I'.iol.  IX.  j).  18  ; 
Fr.  ct  Sav.  Enum.  V].  Jap.  T.  j).  ISl. 

Hei-lja  perennis,  radic(ï  fascicidato-tuberosa  ;  caule  erecto  glabro 
2 — 1-pedali  supra  ramoso  (;x  axillis  bulbifero  ;  foliis  rigide  ])innati- 
sectis,  segmentis  ovatis  lanceolatisvc;  rarius  linearibus  subsessilibus 
serratis.  petiolis  in  vaginas  amplexieaules  attenuatis  ;  involucris  ô 
ina'(pialibus  linearibus  membrana<.'eis  unis  reliquis  longioribus  ; 
umbeliis  5 — 7-radiatis  ina;([ualibus  ;  involueellis  .") — 7-foliolis 
lanceolato-linearibus  umbellulis  brevioribus  ;  iniib(;lhdis  niultifloris, 
pedicellis  fructibus  multo  longioribus,  calycis  dentibus  distinctis.  j)etalis 
albis  ;  fructibus  ovato-globosis  a  latere  compressis. 
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Nom.  Jap.  MuliKjo-ii'nijui. 

Icon.  'lap.  Sönioku-znsetsii.  \.  fol.  :^<S  ;  Sit.simiou-Honzö.  IX". 
fol.  5  ;  Süinoku-keiiHözufu.  A'TTI.  fol.   11  i'ccto. 

H.a\>.  In  Ju|)Ollia  media  et  aiistrali.  l'rov.  Kik-uzt-u  :  in  uK-ute  Daineaji 
jnxtii  Senclai  (ipse)  ;  Prov.  Iwasbiro  :  in  tractu  Aizu  (Augiisto  fl.)  ;  Prov.  Sliitno- 
tsuke  :  in  uionte  Xikkö  :  Prov.  Sliinauo  :  in  monte  Shiojiri,  in  radiée  mentis 
Asama  (ipse)  ;  Prov.  Musasln  :  in  campis  Toda,  circa  Tokyo  (ipse)  ;  Prov.  Shimö- 
sa:  in  graminosis  hiiniidis  Mania.mura.  (ipse.  Initio  septembri  fl.)  ;  Prov.  Ise  : 
circa  oppididnui  Tsu  (K.  Tani)  -.  Prov.  Yamato  :  loco  non  indicate  (Herb.  Mus. 
Imp.). 

Kiusiu  -Prov.   Hizeu:  Takeo  (Angusto  fl.),  in  monte  Nagayama  (sec.  Maxim)  ; 
Pi-ov.  Ohikn/.en  :  in  pago  Olmomnra  (K.  Nagano).  Niihara  (K.  Xagano). 

-.  S.  nipponicum  Alaxim.  Mel.  biol.  IX.  I».  17  ;  Fr.  et 
Sav.  Eniim.  PI,  Jap.  I.  ]).  LSI. 

(■aule  sulcato  ramo.so  erecto,  foliis  glaljri.s  piniiatisecti.s  seg'inentis 
obloiig'is  a])ice  acuti.s.  terininalibus  saepe  trilobis  inîequaliter  serratis, 
seo-mentis  foliorum  sin)erioribiis  aiiii'iLste  lanceolatis,  serratnris  acutis  ; 
iiivolucri.s  .3 — ()-pbyllis  lanceolatis  iimbellis  8 — 10-radiatis  iiuvfiuali- 
bu.s  ;  involncelli  bracteolis  .'> — (Manceolatis  integri.s  retlexis  ;  iini- 
bellulis  niultifloris  ;  cal^ycis  dentibus  ovatis  ])ersi8tentibus,  petalis  albis 
ovati.s  cuni  laciniila  inflexa  ;  fructibus  ovati.-;,  valleculis  1 — o-vittatis 
intequalibus.  coniuii.s.suris  midtivittatis. 

yom.  Jap.  Smcazcri.  Ntiinazeri. 

Icon.  Ja]).  Somoku-zusetsu,  \'.  ibl.  20  recto. 

Hah.      Fn     fossis    et     ])aludo8is    Japonia(!     borealis    et    mediae. 

AugU.Sto-Septembri   tl  !       Prov.  Iwashiro  :  in  tractu  Aizu  :  Prov.   Shimosa  :   Mama  juxta 
Tokyo  ;  Prov.  Musasln  :  circa  Tokyo  (ipse). 
Shikoku — Prov.  Tosa  :  Tosagöri. 

Var.  OVatum  (Vatabe)  m. 

Sium  oi'atuui  Yatahe.  in  lîot.   Mag.  Tokyo.  \  .  no.  41)  p.  To. 
Foliis  «-labris  ])innatis,  seirmentis   foliorum  inferioribus  scs.silibus 
ovati.s    V.    oblongo-ovatis,    terminalibus    .saepe  ovato-orbiculati.s    ba.si 
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rot  uiidiit  i,s  cni'dat  is\  r  .'irutitc  sciTiitis  ."l  10  cm.  lojigis  ô  ,">  (.'in.  lîiti.s  ; 
segiiu'iiîis  r('li(|iiis  osntis  l;iiicci)l;itis  \.  oliloimo-liTicnrihiis.  incricarpiis 
unis  sa'pc  al)ortis. 

}sinii,  -laf).]  I lirolni-HiiiiKiZi'ri. 

I  l'ili.  l'rov.  Musiislii  :  in  orizutis  ;ul  tossis  Ouiiya  oirea  Tokyo  (Septembri  fl.  ipse), 
Shirako  (T.  Makino)  ;  Prov.  Shiuiôsa  :  Sakum  iHt.'ili.  Makino)  ;  Fiov.  Snmiki  in 
ins.  Sliikokii  :  Taflotsii  ('I'.  INFakinol. 

Oenanlhe  L. 

Liiiii.   <.M'ii.  11.  ;5')l^  ;  Iloifm.  liinlx'llif.    1.  p.  7o  ;  DC  Prodr. 

W.   ]).    Loii  :    Kndi.  (icn.    PJ.  II.   p.  77.')  ;    lîeiith.  et  Hook, 

(ieii.    n.    [.    p.    !)().■):    lînilloii,    llist.   d.    PI.    VIT.    ]).  218; 
Dnidc  in  Xat.   Vi\.  Kam.  III.  al)t  \U\.  ]>.  1>()4. 

Calycis  dentés  5  lanccc^lati  persistentes;  jx'tala  ()l)<)\'ata  einaro'i- 
nata  c\uu  lacinula  inflexa  ;  sfvlopodinm  conictnn  :  fruetiis  cylindricus 
st\  lis  strictis  coi^jnatds  ;  nici'iearpia  ô-jniia.  jui^is  i)])tnsis  crassis 
siiba'(|iialil)iis  roi-tirosis,  vallecnlac  l-vittatac  connnissura  :^-\  ittata, 
earpophoriini  iiidistinctuni — iierhat'  pcvennes,  unibella  i'()in])osita, 
ijivohiprum  saepe  îiiillnin.  in\()lnctdli  l)i-aetae  ])<)lvphylla('  ;  flores  albi. 

1.    Oenanthe  stolonifera  n<'-  Prodr.  IV.  j).  \:\x  ;  Wight, 

liliist.  lud.  Ijot.  V.  071  :  le.  PI.  Ind.  Oi".  t.  .")71  ;  liauee  in  -lourn.  Liun. 
Soc.  XVIÎI.  p.  SI  et  Joni-n.  P.ot.  1,S7.S  p.  l^2.S  ;  ('.P..  Chirkc  in  Hook, 
f.  PI.  l'.r.  Ind.  IJ  J.,  (ük;  ;  Francli.  PI.  David.  I.  p.  140  :  Maxim,  in 
Engl.  J')<)l.  dahrb.  \'l.  p.  (il  :  Fnnicli.  »tt  Sav.  Enuni.  PI.  Jap.  I.  p. 
IS.*)  ;  Poi-bi's  et  Ilcmsl.  Fud.  Fl.  Sin.  1.  j).  IVM  ;  Henry.  I>ist  IM.  Form, 
in  il-.  As.  Soc  da]),  vol.  XXT\  .  siij)pl.  p.  47  ;  Hcmsl.  et  ('oll.  dc^ui-n. 
IJun.  Soc.  XX\'in.  p.  Gl  :  Kauitz,  Die  IJesult.  lîor.  Sauuni.  in 
Wiss.  Ergel).  d.  {{eise  d.  (irai".  1).  Szeelicnyi  in  Ost.  Asi.  P)d.  U.  y. 
701  ;  Itö  et  Matsuuuu-a.  Tent.  Fl.  Putdi.  I.  p.  2(;i>  :  Diel,  Fl.  Centr. 
China  in  Fn«--,  P,ot.  dahrb.  XXIX.   P.  4i)S. 


T.'EVrSlO  rMP>KI,I;lFEHAHliM  JAP«  ).\|( 'A  RUM.  55 

( h'li.  jiindiira  J)(\  I'l'odi'.  I\'.  ]),  l.')()  :  ]\Ii(j.  ('at.  Fl.  Ja]).  ]).  41  ; 
Fr.  \-.  Mnllei-.  Frau'in.  i*liyto_i>T.  Aiistr,  \.  j).  182;  Zolliiia'.  Sv.st. 
Wtz.  IikI.  Arch,  saiii.  -lap.  ciiipf.  Pfi.  J  I.  p.    1SÎ). 

J)nsi/l(nn(i   sithhijriNHdttnii    Mi(|.   Frol.  Fl.  Jap.  ]).  247. 

IK   jarnnicmii    Mi(|.  Fl.  Ind.  l^at.  \.  ])t.  1.  ]).  41. 

riiellditilrimii   xtoloiiil'ennii    Ivoxlj.  Fl.  rml.  II.  p.  1)^). 

,S///;//,  (leriiiiihi'Us    Ijuerg.  ex  Miq.  Pi'ol. 

llcrba  ei'crta  u'labi'a  interduiii  .seini-dciMUiilH'iis  ;  canlc  fistuloso- 
striato  l-]X'dali  ;  foliis  iiifei'iorilxis  I)i-j)iijnatisectis,  .sei>-inei)tifs 
iiltiiiiis  laiiceolatis  vcl  rhoiiilx'o-oblongi.s  l)asi  cimeatis  apicé 
a<-iitis  ])eti()liilatis  scssilibut^ve  iuciso — .serratis  ;  ninlKdlis  oppositifoliis, 
iijV(^lu(M-is  2 — o-pliylJis  hujceolato-h'nearibus  v.  nuUi.s  ;  umbelJis 
() — 12-ra(balis;  involucelli!";  oligophyJJis  lineari-aciimiriatis  interduni 
imibelluli.s  lougioribu.s  ;  iiiiibellnlis  pluriiloris,  Üoribus  inasculis  herm- 
aj)hroditis  iiitcnnixti.s  ;  cah^ci«  dentibu«  laiiceolatis,  ])etali.s  albis 
obovatis,  stylis  cloiigutis  retlexis,  fructibus  <'llips(^ideis  pigi.s  crassis- 
.siiiiis.  earpophoi'is  individis. 

\())ii.  Jap.  Si'ri,  Siiin'ha  (Nom,  ÎJuk.  sec.  Ito). 

Icon.  Ja]).  Sôinoku-zusctsii.  \'.  fol.  1  î)  ;  Hozôzufu.  XF^'^.  toi. 
1 1.  sub.  Suikin. 

[l((Ji.  In  ofizcti.s  ])('!•  totam  da])oniani.  Au^'ustf^  tl  1  Sae])e 
culta  : 

HukUaitlö  (ïezi)| — Prov.  lljiiri;  Moiorau  (J.  ]Mat.sumnra|,  (Jshaïuauilje  (U.?r>». 

Kawakumi),:  Prov.  Ishikari  :  Sorachiluito  (Herb.    Kawaknuii)  :   Prov.   Osliima 

Hakodate  (Herb.  Mus.  Tmp). 

Knrile — Yetorofu.  (T.  Kawakauii  Oiilt  1). 

Honshiu— Prov.  Mutsu  :  Kuniyoslii  in  tractii  'J'siij^iirii  :  Prov.  Jlikiizeu  :  oircA, 

iirbeiii    Sendai   (A.   Yasuda)  :    Prov.  Twashiro  :  Wakamatsu  et    Rlotouiija   {K. 

Xeiiioto)  :    Prov.    Shiiiiolsnke  :   iu   iiioute    Nikkô:    Prov.    Shinano:    Ftikushinia 

(Herl»,  Mus.  Imp.)  ;  Prov.  Eolii^'o  :  Takabati  (K.  Yendô)  ;  Prov.  Wiisaslii  :  circa 

Tokyo  (Ipse.  Auguste  fl.  et  fr  !)  :  Prov.   Ise  :  OtMiemura  circa  oppiduluui  Ts\i 

(Iv. 'i'ani)  :  Prov.  Omi  :  in   monte  Tbnkiyauia    (K.  Tsuzi)  :   Pi'ov.   Kawaclii  :   in 

monte  Konifôsmi   (T.   Tada    no.    II;''.):   Ih-ov.    Harima  :  in  pago  Kashiuia    (U. 

Ogiimi). 

Sliikokn — l'rov   'J'osa. 
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Kiusiiiu  —  I'ruv.  Cliiku/j-n  :  in  iiiculf  \Vakusii<i:iyaui;i  (K.  Na-auu)  ;  I'rov. 
Hizon  :  circa  Xaj^asaki  (M;ixiiii)  ;  I'rov.  Hio;i>:  cinv.i  l\'nin;iiiicif:c>  (ipse):  Ins. 
'rsii.sliiriui  (ipso). 

Var  japonica  M.-ixim.  \-r.  n.  S;iv.  iMnim.  IM.  .lap.  I.  |). 
1S5. 

Dasj/loiiKi   /(ipoiiiot    Mi(j.  Prol.  Fl.  'la]),  p.  '2A7 . 

OciioNtJir  hirini'ihi  Zoll.  Syst  >'crz.  j).  K)!»:  Mi(|.  Cat.  Fl.  -lap. 
1».  I  U. 

Seo-iiiciiti.s  folioiMiiu  siil)()vatis  acuti.s  inri.so-serrati.s.  scrraturi.s 
passim  dupliratis  sc<l  siihlobiilitorniiljiis.  iii\ oluccllis  oligoplivlHs 
umbelliilis  pai-iiin  bivvioriljus. 

Xoiii.  Jdji.  Scri.  Shirihd  (Xoiii.  Liukiu.  .sec.  Ito). 

Iiilh.       Kiiishiu — circa  Na^asaivi  (Maxim,  sec  Fr.  et  Sav.) 

Tjiiikiu — Ins.  Okinawa  (Utchiua)  (A.  Tashiro  !),  in  ui)pido  Naia  et  Idzunzatciii 
(Yaiiiada!):  in  traetn   Kundjau  ad  Kushimajiri  (S.  Tanaka),  ad  Mutabu  (S. 
Tanaka)  :  Archipel.    Yayeyauia  (Yema)  :    Ins.  Tshij^aki,   ad   pagum    Xaramura 
(T.  Ito). 
Pormosn— Tauisui  (Oldham  ex  Hemsl). 

Dislr.  ('liiiia:  < 'liijiji.  Kiaihsu,  liaiichoAv  (('.  Owatari)  ;  India 
oj'iciitali  ;  Java. 

1^.    Oen.  benghalensis     Fx'iirh.  ct  Hook.  (ien.  PI.  I.  [>. 

!){)(;  ;  C.H.  Clarke  in  Hook.  Fl.  V>\:  fnd.  II.  ]..  (iîXÎ  :  Forbes  et  Hemsl. 
hid.  V\.  Sin.  I.  ]».  .■).')!  ;  Henry  in  Tr.  As.  Soc.  da]).  XXTA'.  suppl.  p. 
17  :    Itû  et  Matsmnura,  'rentani.  PI,  Lutcli.  I.  j).  l^lio. 

JkisijUniKi  h/'iKjjKilensc  DC  Prodr.  I\'.  j).  140  ;  Wiu'bt,  ribist.  Tnd. 
liot.  et  le.  Fl.  Ind.  Ur.  t.  :)(;.S. 

Dasiilniiiii  (jhtiird  DC.  i'i'odr,  I\'.  p.  140;  Hook,  et  Arn.  lîot. 
I>eecb.  \'oy.  p.  :^(M. 

Scseli  })ciuilialensis    Poxb.  V\.  Ind.  FI.  [).  94. 

Caille  crecto  simplici  vel  subramoso  striato  g4abro  oO  cm.  alto; 
foliis    (•irciims<-riptione     deltoideis     pinnatisectis  ;     .seg^mentis    infimis 
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pinnatisfctifs  sLiiiniii.s  piniiatifidis  w  trifidis  ;  lolji.-v  iiltiiiiis  ohlcjnois  y. 
obloii^'o-CLiiicatis  siiiiplicibus  vol  pinnMtifidi.s  crciiatis  ;  [»etioli.s  basi 
\'aginantil)Lis,  iiiariiiiie  iiuitiibi-aiiaccis  ;  uml)ellis  axillaribus  coiiipo.sitis 
5— (^-radiatis  couf'crti.s  ;  involucris  iiidlis,  invohia^lbs  sctaceis  oligo- 
pbvllis  paf\i.s  ;  pcdtiiicnlis  l)revibus,  (iinl)eHulis  10 — 12-"Horis, 
[)edi('('lli.s  i)fe\is.siinis  ;  caU'cis  dcntibu.s  setaceis,  petalis  ;dbis  obovatis 
iiiHexo-acnminatis,  .staiiiitiibu.s  petalis  loiigioribus,  stvlis  l)revibiis, 
stylopodio  coiiico  ;  fructil)as  ()lil()iiO()-(:'\^liiidi'a('ei.s,  Juuis  corticosis 
vittis  vallcculac  solitariis  coniinissiirae  2. 

Ildh.        In    J<\>ruios;i    horoali  :    Taipe   (C   Ôwatari)  ;    Tauisui    {avc.    Henry).      Liiikiu    et 
Bouiii  {^ee.   Hook,  et  Arn.) 

J>istr.      ('hiüa  :   ivAvaiiutuMfi'  ;  Fiidia  oriciitali. 

'■>.    Oen.  linearis   Wall?    DC   I'rodr.   I\'   p.   i;>.s;  (Ui. 

Clarke  in  Fl.  i'.r.  Iiid.  II  p.  (il)(!  ;  Fraiicli.  Not.  sur  (^nohi.  Ombol. 
Yiiiiiiaii,  Kxtra,  dii   liid.  Soc.  I'hiloin.  Paris  1S94.  [).  'JVk 

Caidc  erecto  li'labro  siilcato  rainis  uxillaribiis  ;  Folds  radicalibus. . . 

superioribus     o- — l-juu-ato-bipiiuiatisectis,     jugis     pririiariis 

iiifiiuis  [K'tiolatis,  segiuciitis  idtiinis  liiieari-lanœolatis  inteiiris  'A — 4 
mm.  latis  7 — <S  cm.  longis  sid)tiis  glaucesceiitibus  ;  })etiolis  basi 
vagiiiatis  maruine  mendjranaceis  ;  umbellis  oppositifoiiis  <S — i)-radiatis 
iuajqualibiis  :  involucris  mdlis,  involiieellis  .") — O-tbliolis  lanceolato- 
linearibns  i-adiolis  brevioribiis  ;  iimbelkilis  midti-tloris.  calycis  lobis 
proiidmdis  aeatis,  ])etalis  albis  obovatis  apice  aemiunatis  cum  lacinulis 
inflexis  ;  staininibus  petalis  longioribus  antlieris  albis,  stylis  petulis 
subie(pdloiigis  ereetis  vel  \i.\:  divergentibus,  stylopodio  coiiico  margiiie 
integro  :  i'ruetd)us 

.\ ''///.    t'oniio.'i.   SlidiU'iiImn   ^tide  Y.  Satake). 

Jitw.       Furuiosa — Taiclui  (Y.  iSatake). 

iJlstr.      India  :    Xepal  :  Cbiiia  :      Yuuiiaii. 
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Seseli  !.. 

l.iiiii.  Ceil.  II.  ;;(i()  :  DC  rfu.il-.  J\'.  p.  141  :  Kii'll.  <i<'ii.  IM. 
II.  y.  77  1  :  r.ciitli.  el  Hook.  1.  ]).  1)01  :  I'.ailloii,  Hist.  d.  1*1. 
\I1.  p.  iM7  :  Drude  in  Vnt.  Tfl.  Fnin.  IH.  abt.  VIII.  ]). 
Om_|Jl,.,i„,tis  DC.   I.e.   j).  150. 

(  alvcis  in:n-,u-o  ^-dciitjitiis,  deiitiluis  ohtiisis  pi-oiniiiiilis  v.  ininiiri^;. 
jKjtahi  l:it;i  vnldc  iiitlcxa  conlara  v.  late  cllijitica  ;  stylopodio  late 
(lepresso  \-.  (-oidco,  stylis  hi^ivihiis  dt-flcxis  ;  {Viictiis  ovatiis  v. 
ol)ovatti.s,  mericai-pia  jugis  |>riinai-iis  vix  proiniuulis  hilci-alibiis  vix 
majoribiis.  \  it  tac  ad  \alk'culas  solitai-iac  v.  '2,  ca)-])oi)honuii  indivithnii  : 

.seiiieii    traii.sver.sc    .j-uoiiuiu    lacic   plaiiiiisculiuii- llcrbae    jxTennes 

erectac  ;  folia  .■)-inulti-])iiiiiata  ;  inidu'lla  inidti-radiafa.  iiivolii«'i-a  panca 
V.  0  :  iii\  oliK'clla    v:   :  tloi-cs  ;dl)i. 

1.    Seseli  Libanotis     Ko..-li.  (u'n.  d'i-ih.  ri.  I'mb.  p.  i  il  ; 

Sow.  Kiii:l.  lîot.  p.  i;iN  ;  Kr.  rt  S;i\.  Kiuim.  PI.  daj).  1.  p.  ISO  ;  Fraiioh. 
IM.  David.      I.  ]>.  140  :  llcinsl.  ct  Forlx's.  In.l.  Fl.  Sin.  1.  ]>.  :')80. 

LiliiiHolis  nihjdn's  J)(".  l*i-o<lf.  W.  p.  I'jil, 

lÀhdnotis   iiioiitiUiK    All.  F('d(4).  Fl.   lJ<jss.  II.  p.  1^7!). 

.ItJniiiiiditii    LiJuiiKitis  F.  Sp.  ;);")1  ;  W'illd.  S|).  Fl.  p.   1400. 

Hcrba  jxTciiiiis.  caulc  crccto  caNo  stfaminco  rainos(j  .s<'al)i"o- 
piibcseenti,  folds  bipiiinatiscctis  sco-inciitis  obloii^is  \.  ovatis  iix^iso- 
pinnatifidis  ;  |H'tiolis  pulx'scinitihiis  plus  luiinis  v;ii;iiiatis.  laciniis 
lauccolatis  siipni  sctulosis  :  involiicris  inillis  \.  l-])liyllis  liucaribiis  : 
inn])(4lis  tcninualibiis  opposit dolus  uuill  ii-ndiatis  radiis  iutiis 
scabro-pubcvulis  ;  iiivolii('(4li.s  pauci|)liyllis  liiicariltus  iniücpialibiis  ; 
ninlMdlulis     uudtitloris.     f-alvcis     inarüiuc     5-tleiifato,      pctalis      :dbis 
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ovatis      iiificxo-jicuiniijatis,     .stainiiiil)iis     jx'talis     diijjlo     loiigiorihiis, 
stvlopodio  (le])i\,'.<s().  stylis  brcvibus  ;  tVuctihus  ovato-ohlonuis. 

Xo}ii.  -idj).   Umki-höfn. 

Icon.  'Ia|).  Hoiizozufu,  VII.  fol.   15;  Soniokiiziisctsu.  \'.  loi.    1::^. 

H'.lli.  Hokkaido — Prov.  üidaka  :  Samani  saudo*  (August. i.  H.  h'.  Vataljf)  ;  I'rov. 
Ihuri:  Yulnitsu  (Auf>-usto  JJ.  ^'atahi')  ;  Prov.  OshiiiiM  :  Fukuyania,  ('!'. 
Ivawakami). 

Honsliin — Prov.  Mutsu  :  Aomori,  Aji^asawa  in  traotu  'J'.su«;aru  (Auyusto  188U)  ; 
Prov.  Rikuzen  :  Acne  (ipse);  Prov.  Twashiro  :  ia  tra.ctn  Aizu*  (Yatabe)  in 
Cauipis  Iwase  (ipse),  iu  pa-go  Moniwa  (Herb.  INIakiuo)  :  Prov.  Hitachi;  Prov. 
Shinano  :  ad  radiceui  uiontis  Kouiagatake,*  loco  non  couimemorato  (D. 
Takashiuia)  ;  Prov.  Kazusa  -,  Icbinouiija  ;  Prov.  Musashi  :  in  uiontibus 
<'hichibu;  circa  Toicyo  ;  Pro\-.  .Sagauii  :  Uraga  (ipso);  Prov.  Tsi- :  loco  iioji 
iudicato  (T.  Taui)  :  Prov.  Scstu  :   in  monte  Xidosan. 

Jhslr.       Ill   Ivoîssia,    KtH"<)])a. 

var.  daucifolia  (ix'O    l''f-  <'<^  ^"^i'v.  Ermm.  PI.  dap.  I.  p. 

1<S4. 

Lihanolis  riilgari,'<  D('.  rar.  daucijuita  J)('.  L*rodr.  1\  .  p.  lôO. 

(aille  aiiguluto,  foliis  biju'unati.sectis,  .seginentis  iolioniin  ai]gii.»;ti.s 
]iiieai'i-JaJicv(jlatis  acutis  ;  ceteris  ty])icae  «iiuili.s. 

}\o\n.  Juj).  Kohuin-lhiildhafa. 

ridh.  Prov.  8hinani.)  :  in  monte  .\sama  (ipse),  in  monte  Wadatöge  (ipse)  :  I'rov. 
Iwashiro  :  in  tractu  Aizu  ;  Prov.  Olimi  :  in  monte  Ib>\kij'ama  (K.  Tani.  K.  Tsuji, 
T.  Makiuo). 

histr.      Sibiria  et  in  uiontibus  Km'opae. 

'^.    Seseli  Tachiroei    Pi'-  <'t  Sav.  Enum.  IM.  dap.  II.  p.  o75. 

linh.      in  nionre  Asainavania.  Prov.  Kotsnke      Xo})is  ii^nota  1 


Faeniculum  A(bnis. 
Fseniculum  vulgare    (^uertn. 


*  Forma  Sibirica,  foliis  subtns  gla.iicescentibus  ! 
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Xoiii  'l(ij).       Kwaikö.   KtuH'iio-DiiH).   (  ikyn 

In    liortis  japOliensiblls  sa('[K'  cilltlllll.  r-iukii;— ins.  Okiuawa:  iuuppiilmi, 

Xafa.  ((Milt.  Herli.  IMiis.  Imii.i.     Ins.  Honiu  (cult.  Hfri>.  Mitkino.^ 


Anethum  L. 
Anethum  graveolens  l-      -V""'-  'i"i>-      lnondo.  liariu.^ 

cult. 


Cnidium  ( 


US.SOll. 


-CiKs.soi],  Mem.  Soc.  Med.  Par.  1 7.Sl^  p.  l\Si>  ";  Hoffni. 
Ümbellif.  I.  \k  l.")?  :  DC.  Vrodr.  \\.  p.  ir)i>  ;  Endl.  (ron.  PI. 
ri.  p.  775  ;  Hentli.  et  Hook.  Gen.  IM.  J.  p.  DU  (suh  Selino)  ; 
Paillon  Ili«t.  d.  PI.  V\\.  p.  1^0  (snl)  Me.>)  ;  Dnidc  in  Xat. 
Pti.  Fani  III.  al)t.  \'[II.  p.  iMO. 

(  alvcis  inaru'o  i)))s()letii.s  n'.  ])ar\ii.'^.  pctida  obox  ata  I'niarii'inata 
cLnn  lacinula  intlexa,  stylopodiuin  conicum  .stvlis  reflexi.s  ;  fVuetiis 
ovatii.'^,  snbi'otnndatii.'^.  a  latein;  \'ix  ('onipressus,  niericarpia  juui.s  5 
lequalibu.s  cras-sis  lateralibns   inarii-inantia  ;   \  ittac   vallccidac  .solitai-iac 

parvae,  coniniis-^urae  2 — 4  ;  JrJeuien  seniiteres  facie  planum. Ilorliae 

l)iennes  v.  pereniies,  folia  bi-trij)innati.secta,  seu'menti.s  lanceolatis, 
umbella  multiradiata,  ;  involucfa  nidia,  involucella  ])()l\j)li\  IIa  :  flores 
albi. 

I.    Cnidium,  japonicum    Miq.  Piol.  PI.  dap.  j).  i^t<s. 

Scliniiiii  japofiicuiii      \'Y.  et  Sa  v.  Enum  PI.  dap.  f.  p.  1S(;. 

Perenne,  caule  decumbeiitc  20 — oO  cm.  alto  ram(3.so  gJabn» 
.striate,  rami.s  axillaribus  ;  folii.s  glabri.s  nitidulis  inferioribus  louge, 
superioribus   brevi-jxitiolutis  pinnatisectis   .'> — 4-jugis   j)innis    termin- 


REVISIO  üMKETyLlFERAKUM  JAPONICARUM.  (J] 

alibiis  late  ellipticis  cuiieatis  tvitidis,  reliquis  ])i]iiiatiJ(>l)is,  loljis  apice 
obtusis  nincronnlatis  l)a.si  pJii.s  minus  cuneatis  :  ^x'tioli.s  1)a8i  vagiiiis 
]iK!inbraijacei,s  diliitatis  ;  iiuibellis  oppositifoliis  ;  invobicris  5 — (i- 
phyllis  ina'qiuilibu.s  lirjeai'i-setaceis  membranaceis,  pedicellis  ô- — (i 
brcvibiis  :  involiicelli  bracteolis  l\ — 5  brevibus  liiicaribus  acuminatis  ; 
iiiiibelbilis  .') — ô-jilnri-radiatis,  pedicelJi.s  l)revibus  1- — 2  miu.  longis, 
petalisalbis  ()b()vatisîi])ice  ui  acuinen  inflexis,  calycis  dentibus  obsoletis, 
aiiflieris  purjmreis,  fructibus  2 — 4  mm.  loug'is  ('lli])ti€i8  sul)teretibus, 
jiiiiis  ]>rimariis  latis,  rarpopbnris  bi-purtitis. 

Xoni.  Jdf).  ilama-zeri. 

Icon.  Jap.  Somoku-zusctsii.  ^^  fol.  .')4  ;  llonzözufu,  FX.  fob  h 
iTcto  su!)  'bisliôshi. 

Hdh.  Prov.  Mutsu  :  iu  arouosis  iiuiritiiiiis  Asauius)ii  (Herb.  YasmLi)  :  Prov.  Rikuzen  : 
Okawaiiiura  in  Momonöj>-ori  (ipse).  Sliôbuta  (Her)>.  Yasiida)  ;  Prov.  Iwaki  : 
Yatsukura  (K.  Xeuioto.  Octobri  1895.  fr  !)  :  Prov.  Kazusa  :  in  prouiontriuui 
Daitö  :  Prov.  Musashi  :  circa  Tokyo  (Julio— Octobri  fi.  et  fr  !)  ;  Prov.  Sagami  : 
Misaki  (ipse,  julio  fl.)  ;  Prov.  Tajima  :  Tsiiiyauia  (Herb.  Mus.  luip). 
Kiushiu— Prov.  Chikuzen  :  in  prouioutriuni  Xajiuia  (K.  Xa<>ano)  ;  Prov.  Hizen  : 
Nagasaki  (Maxim)  :  Tn.s.  Tsushima  (ipse  !). 

Disir.      Koi'ca. 

1^     Cn.  longeradiatum  (Maxim). 

Stiinuni   louiicradlatinn      Maxim,  in  j\Ie].  liioL  XII.  p.  4(J9. 

Caule  (;recto  g-]a1)ro  subramoso  ;  petioli.s  f  Riorum  oblongis  lutis 
mt'ml)ranaceis  apice  bi-auriculati.s,  vaginiis  superioribus  ovatis  ;  laminis 
trisectis,  segmentis  bipinnatisectis  obovatis  o— 5-pinnatiiidis  glabris, 
lacinulis  oblongis  apice  acutis  ;  invoUicris  nuUis  vel  l-pbylHs,  umbellis 
circiter  20-i'adiatis,  radiis  inœqualibus  1-polb'cariljus  intus  puberulis  ; 
involucellis  7  K)  pbyllis  lineari-Ianceolati.s  luiinerviis  margine 
membranaceis  umbellulani  parum  8ui)erantiljus  ;  mnbellulis  multifloris, 
calycis  dentibus  (jbtusis,  petalis  albis  oljlongis  apice  obtusis  nec  emar- 
ginatis  ;  filameiitis  ))etalis  œquiJongis  antberis  atropurj)urei.s,  fructibus 
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laic  ovalihils  juLiis  ohtiisis  l:itc'i'alil)U.s  alatis  (luj)l()  latiorilxis.  vallcculi.s 
1 — ,  coinMiis.sui'a  l^-^■itta(is. 

fcoii  'lap.  Shitsiiiiion-lioiizô.  I.  loi.  .1.  siil).  ^  amascri  ? 

Ililli.        Kinsin  —  fu  monte  Xaj^a  (Sec.  Maxim):   Prov.  üsiimi  :    ad    vulca,unm   Sakura- 
jima    (S.    Ikono   22.   Aiipfusto    ISO'l-   a-)  •    J'rov.   Hij^o  :    in    viilcano   Aso,   (ipse. 
Aiio-iisto  luai.  fr.) 
Honsliiii  —  Prov.  Iso  :  Shirnkawa  (S.  Oknl)(>). 

•"'•    Cn.  ajanense     Dind»'.  in  X:it.  I'tl.  l'\-mi.  Flf.aht.  N'lII. 

]..  lM(I. 

'Liliiujia  (tjducitsis  Heo'cl  v\  TiliiiL:-.  V\.  Ajaii.  n.  \'.\'l  ;  Maxim. 
Vv\m.  V\.  Aimii-.  \).  'M)  ;  Fi'.  Scliinidt.  l-'l.  \us.  Sacli.  p.  \i)  ct  K')'). 

St'lltnnii    TiliiKiiii      Maxim.  Mel.  hiol.  X[I.  p.AGD. 

('ault'  lii'acili  1 — 2-])e(lali  ulabro  ;  folii.^  ü'lahris  radicalibiis 
l)ipiiiiiati.se(nis.  .senineiitis  (li.sliiictc  j)eti<)liilatis  ('ircnmsci'i])lioD(' obloii- 
H'is  V.  ovafis  ])iiiiiatipartiti.s  ;  partioiiijjiis  .se.ssilil)ns  vel  l)revip('tiolulati.s 
profunde  ])iiiiiatifi(lis  pal•titi8^'('.  laciinis  oblongis  obovatis  vcl  cimeatis 
iiite?'dim)  laiiccolatis  inci.so-.scrratis,  sciTatiii'i.s  a])if'ulati.s  ;  ])(;tiolis  ba.siii 
versus  vaginis  dilatatis  amplexicaulibus  ;  vagiins  superiornin  oblougis 
iniirgiiic  ]ii('iid)rai]a('('is  tbliis  ini('ro])bvllis  aiit  in  sctas  rediictis  ; 
iiiA'olucris  '2 — ^l-phyllis  vcl  nulli.^  suljulato-lanccolatis  ;  umlxdlis  10 — 
1  ::^-ra(liatis.  i-adiis  snbiCiiiialilju.'s  ;  iiiNolucoUi.s  7 — 10  linearibiis  laiiceo- 
latis  iimbrllidis  \  ix  brcvioi'ibiis  ;  umbellidis  innlfifloris.  oalycis 
dentibii.s  pai'\  is  distiiicfis,  pcfalis  albis  oljlongis  cuiu  lacinulis  inflexis, 
antheris  Niolaccis.  stvlf)podi()  dcprcsso  ;  fructibu.^  oblongo-ovatis 
pcdic<'llis  a'(pialibiis,  w  brcvioribiis,  jugis  dorsalibus  senii-ahitis, 
margiiialibii-  alatis.  valleciilis  doi-saliluis  1  .  lateralibus  'J — , 
<-oiniiiissai-alil)iis    1-virtatis. 

\(»\i..l(ij>.  ( 'liishiiiifi-iuiiliii   (sec.  K.    Miyalx'   in    liot.   Mag.   'i'okyo 

vol.  \'ril.  p.  is;;). 

Ildl».        Kiirile — Ins:,    lîruic     Vnatmi    (K.    .Fiiiili,,    in    \l>-v\'.    rolleo-.       Aijric.    Sapporo). 
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Mo-^'iiue  (']'.  Kitahara)  ;  In.s.  Etrufii  (Ktrui»)  :  üuuelietsu  (T.  Ishikawa  in  Herl). 
I.e.):  MoyoroyaiiiM.  (^.  Yokoyaiua  in  I.e.):  Shikotaii  (K.  Miyalie  in  I.e.); 
Sliiushiri  (Kodii.ina). 

Hokkaido  (  Yezo) — Prov.  Kushiro  :  in  uionte  Meakan  (K.  Pnjita  T.  Kawakami)  : 
I'rov.  Kitami  :  ins.  Rishiri  (Hirose)  :  Ins.  Kt'punshiri  (S.  Hori)  ;  Prov.  Isliikari  : 
in  monte  Yübari  (T.  Ishikawa). 

Konshill— Prov.  Mntsu  :  in  monte  Iwakiyama  (.Iiilio.  fi.),  in  suiiiinit:i,tù  monti-s 
Hakködayama  (S.  Konishi  ex  K.  îsagano)  :  Prov.  Rikiichfi  :  in  monte  Iwateyama 
{K.  Miyal»'  et  Y.  Takahashi),  in  tractu  Nambu  (see.  IMaxim),  in  monte 
Knrikoma  :  I'rov.  liikuzen  :  in  monte  Kattadake  (S.  Kusano,  K.  Xemoto;  A. 
Yasuda.  :  Sato  et  ipse):  Prov.  Uj?o  .  in  monte  Cltoknizan  ;  Prov.  Sliinano  :  iu 
iilpiliiis  Koma-^atake  et  Shirouiiia  (ip.se). 

IHslr.      Sil)iri:i  oriciitali.  Amin".  Sncli-iüii. 

^-  Cn.  formosanum  J"-  Ilerbn  percimi.s  j-:idi(v  tihro.sci, 
ciiiile  hiunilc  10 — '20  ciii.  alto  ramoso  striato  v.  siilcato  ;  foliis  teiioris 
plenimque  radicalihus  fasciculatis  loiige  petiolatis,  cauliiiis  brcvijK'ti- 
olati.s,  circumsci'i])tioiu'  elon^'ato-ovatis  1 — 2-piiniatisectis,  foliolis  1  — 
iJ-[)iniiatifidis,  se£iiiienti.s  ultimis  oblonn'O-liiiearibus  :ipice  luiicroiiatis  ; 
petiolis  glabris  l)a.si  dilatatis  amplexicaiilibiis  extus  pulK-rulis  ; 
iimbellis  terniinalibus  compositis  luultiradiatis  inœ,qiialibii.><  ;  invohicri.s 
o-phyllis  liiiearilius  margine  iritegris  radiis  ;i3qinlongis  ;  involiicelli.s 
liiiearibu.s  uiiiiierviis  pedicellos  u'quantibns,  ram  is  juvenililjus  iiivoUi- 
cellisqiie  puberulis  ;  iiuiliellnli.s  inulti-floriH,  pedicellis  inuHjuiloiigis, 
2 — 'A  mm.  loiigis,  calyci.s  margine  obsoleto,  petalis  albis  cllipticis 
iiifiexo-acuminati«.  filameiitis  ])etali.s  aîquilongis,  aiitlieri.s  albis,  stylis 
refiexis,  stylopodio  brevi-conico.  fVactibus  oblongis  sectione  transversali 
siibteretibus,  mericarpiis  jugis  primariis  prominulis,  omnibus  sub- 
«equalibus  semialatis,  A^'lllecalis  1  commi.ssiiris  if-vittatis.  scmine  facie 
planiusculo,  carpopbr)iis  l)i-partitis. 

Norn.  Jap.  Knfii-vonin/in  (A.  Tushu'o  ]\[  sched.)  ;  Ijiiniiiiitsa  ÇKoin. 
Formos.  fide  Satake). 

JdclU.  i'ormosi.  :  iu  eatiipis  aprieis  vulg^are  iu  Kagi  et  Tainau.  (A.  Tashiro.  no.  35  !  A. 
Martio  1897.  fl,  et  fr.  mat  !l  ;  circi  oppidnni  Taichû  Foriiiosao  mediae  (Y. 
S;it:ik.'.  no.  !».  Febriiario  I89î>.  ti.  i'r!) 
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Hci-Iki  i:mi(>.ssisim:i  vix -^-pcdülis,  loli.-i  .") — 10  cui.  longa;  jjedicelhis 
() — 7  nmi.:  tVnctiis  5 — 6  mm.  longiis.  Habit ii  et  forma  folioniiii  ad 
Aothusam  Cvuapiuni  accedere  videtiir.  scd  diff'ert  ])etali.s  lucpialibus 
iicc  iiKLMpialibiis  ct  fnictibii.s  ol)l()iigi.s  ncc  oxatis,  jiigis  i^romimilis, 
iiivoliKjellis  foliolis  brevioribus,  sty]o])odio  distiiietiori.  liaec  species 
SeliiKJ  dissecto  (DC-),  Clarke  (V\.  \)y.  hid.  11.  p.701j  ex  descriptione 
optime  affiijis  videtiii". 

Ligusticum  L. 

I.iiiij.   (ieij.   Ji.    :UG  :    Willd.     Sp.     !M.     14l^4;    DC  IVodr. 

\\.  ]).  157  ;  Endl.  (ieii,    I'l.   IT.  p.   77G  :    lîentb.   et  Hook. 

Gen.  1*1.  p.  Oil  ;  Bâillon  Hist.  d.    V\.   \U.  p.  i>10;  Drude 
in  Xat.  PÜ.  Fam.  Ill  abt.  VHI.  p.  211. 

Calycis  niargo  obsoletus  \.  dentatus  ;  ])etala  oljovata  v.  obeordata 
acumine  inflexa  v.  2 — loba  ;  stylopodia  crassa,  stylis  elongatis  reflexis  ; 
fructns  ovatiis  v.  oblongus  transverse  subteres  ;  mericarpia  ô-juga, 
jugis  primnriis  prominulis  v.  alatis  ;  vittae  ad  valleculas  pluriae  :  semen 
a    dorso  (.'()in])ressum.   sectione   5-gonuin,  facie  planum  ;  (•arj)()])horuni 

bipartituni. Ilerbae   perennes,   caulis   eiatus    \.    Inunilis    ramosus. 

tblia  ternato-pinnata  vel  jtinnatim  deconi])()sita  ;  umbellae  mnlti- 
radiatae,  involucra  Tiulla  v.  multiphylla,  iiivulucelli  bracteolae  inultae  ; 
Hores  albi. 

Ligusticum  scoticum  I .     Sp.  ;i5i)  ;  \Vill<l.  Sp.  v\.  p. 

1424  ;  Aiton,  Hortus  Kcav.  H.  ]>.  141  :  Spr.  Syst.  \eg.  ].  {).  !»()7  ; 
DC.  Prodr.  \\.  ]>.  157  :  Lom-eiro,  Fl.  Cochin.-b.  <'d.  WilM.  1.  j).  224  : 
Sow.  Kiigl.  Hot.  1207  :  Hook,  et  Arnot.  l>ot.  iK-ecb.  N'oy.  p.  115  et 
125  :  Hook.  Fl.  lîor.  Amerie.  1.  p.  2(;5  :  Fe.leb.  Fl.  Koss.  II.  ]..    2<S(;  : 
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Kegel  et  Til.  FJ.  Ajaii.  Ji.  133  ;  Ruprecht,  Rev.  [Imb.  Kamtsch.  p. 
23.  §  G  ;  Sieb,  et  Zncc.  Fam.  ISFat.  n.  427  ;  Maxim,  in  Mel.  Biol.  IX. 
p.  249  ;  Fr.  et  Sav.  Eniim.  PL  Jap.  I.  p.  190  et  IL  ]).  374  ;  Forbes 
et  Llemsl.  Ind.  FL  Sin.  I.  p.  332  (in  Nota)  ;  Coult.  et  Rose,  Rev. 
K  Am.  Umb.  1888  p.  85  ;  Miyabe,  FL  Km-ile  Isl.  in  Mem.  Bost. 
Soc.  Nat.  Hist.  IV.  no.  A^I.  p.  236  ;  Britton  et  Bi-own,  IIL  FL 
Canad.  II.  p.  519  ;  Km'oz.  FL  Chilcat.  S.  Alask.  in  Engl.  Bot. 
jahrb.   XIX.  p.  582. 

Angelica  scotica     Lam.  Encycl.  I.  p.  173. 

Apiuiii  fernaiiiui     Spr.  Syst.  Veget.  I.  p.  890. 

Halosclas  scoticiuii  Fries.  Maxim.  Prim.  FL  Amnr.  p.  127  ;  Fr. 
Schmidt.  Reis.  Amur.  Ins.  Sach.  p.  135. 

Atujdicafoliolis  triparti tis,   lohis  siiperitc  incisis,  ohtiisis 

Gmel  FL  Sibi.  L  p.  193.  no.  9. 

Caule  erect(j  glabro  2 — ^3-pedali  subramoso  ;  foliis  biternatisectisj 
segmentis  primariis  petiolatis,  secundariis  brevi-petiolulatis  v.  sessilibus, 
segmentis  omnibus  late  rhombeo-orbiculatis  cuneatis  trifidis,  laciniis 
grosse  denlatis  gJabris  ;  petiolis  basi  diiafatis,  vaginiis  foliorum 
superior  um  ampliatis  marginibus  membranaceis  subauriculatis  ; 
involucris  5 — 8-phyllis  lanceolato-linearibus  inœcjuilongis,  umbellis 
14 — 15-radiatis,  radiis  ina3qualibus  ;  invokicelli  foliolis  5 — G  lanceolato 
— linearibus  pedicellis  subœqualibus  v.  brevioribus  rarius  longioribus  ; 
umbellulis  20-multifloris,  pedicellis  9 — 10  mm.  longis,  calycis  dentibus 
triangularibus  minutis,  petalis  obovatis  acutiâ  involutis  ad  costam 
plus  minus  constrictis,  sty  lis  expansis,  stylopodio  conico  ;  fructibus  c. 
11  mm.  longis  3  mm.  latis  oblongo-cylindricis,  mericarpiis  5-jugis 
prominulis  subœqualibus,  lateralibus  marginantibus,  valleculis  3- 
vittatis,  commissuris  latis  8-vittatis  ;  seminibus  facie  subteretibus 
convexis. 


Cj{\  AKT.   i,—  \.  YABE: 

Forma  C 'h  rom  (  K.-n  r  pi  a  e  valdc  variabilis,  nunc  elongata,  jugis 
.siiba'qualibii.s,  imnc  lata  jugis  tribus  dorsalibiis  vix  prominulis 
laterabbiLs  in  alas  ])liis  minus  expansis.  Folia  item  variabilia.  alia 
argute  ])rofunde(jue  alia  leviter  crenata. 

Noiii.  Jdj).  Maruhatöki. 

Ulli).      In  Japonia  boreali.   iittoribus  maritimis. 

Kurile — Ins.    Etorofu    (Etnii))  :    Tsuriibetsu    (ex    Miyabe),  Euliets  (T.   Kawa- 

kaini)  ;  Ins.  Sbikotan  (T.  Kawakauii). 

Hokkaido  (Yezo) — Prov.  Shiri1)esbi  :  Ins.  Okusliiri  (K.  Miyabe  et  Toknbuchi). 

Takasbima  (J.  Matsuniura)  ;  Prov.   Iburi  :    Mororan    (J.    Matsumura.  August. 

fr!),  Osbauianlje  (T.  Kawakami)  :   Prov,  Osbima  :   circa  Hakodate  (R.  Yatabe 

et  J.  Matsumura). 

Honsbin — Prov.  Rikuzen  ;  in  ;ircbip.  Matsusbiuia  (T.  Makino). 

iJislr.  In  Kossia  arctica,  Sibirica  orientali,  Kamtschatka  ; 
America  arctica,  in  maritimis  Scotiae. 

^.    Ligusticum  acutilobum    »S.  et  Z.  F^im.  Kat.  Fl. 

Jap.  I.  p.  203  n.  428  ;  Maxim,  in  Mel  Biol.  IX.  p.  247  ;  Fr.  et 
Sav.  Enum.  1^1.  Jaj).  I.  p.  186  ;  Forbes  et  Hemsl.  Ind.  Fl.  Sin. 
I.  p.  332  ;  Falibin,  Consp.  Fl.  Kor.  I.  ]>.  97  ;  A.  Kanitz.  Anthophyt. 
Ja]),   leg.   p.   28  ;   Henry.   JJst.   PI.   Form.  p.   47? 

Siinii  trilernaUnii      Miq.  i*rol.  Fl.  Jap.  p.  245. 

Apiiiiii  tenia  tum      Silb.  Syn.  FI.  an-on.  n.  24G. 

Caule  erecto  30 — (iO  cm.  alto  ramoso  striato  purpureo  sub 
umbella  pubescent!  ;  foliis  biternatisectis  membranaceis,  segmentis 
rhombeo-oblongis  glabris  pstiolatis  trifidis,  laciniis  acutis  inciso- 
dentatis,  petiolis  dilatatis  vaginatis  margine  membranaceis  ;  involucro 
l-])hyllo,  phyllis  linearibus  subfoliaceis  interdum  2 — 3-serratis  ; 
umbellis  oppositifoliis  multi — (circa  2o)-radiatis,  radiis  ina^pialibus 
intus  scaberulis  ;  involucelli  phyllis  5 — S  lanceolato — linearibus  v. 
linearibus  setaceis  acutissimis  pedicellos  a3i|uantibus  plerumque 
superantibus  ;    umbellulis    nuilti-tioris    (30),    pcdicellis    ina^qualibus, 


KEVISIO  UMBETiLIFERARUM  JAPOXICARUM.  Qj 

Üoribus  fertilibiis  niasciilisque  intermixtis  ;  calycis  dentibus  nullis  v. 
subdeltoideis  niinutis,  petalis  albis  oblongo-obovatis  upice  acutis 
laciniilis  involutis,  stylis  diversis  dein  reflexis  capitatis  ;  fructibus 
oblong!^  teretibus  a  dorso  lev  iter  compressis,  mericarpiis  jugis 
prominulis  subœqualibus  vittis  oc  ;  seminibus  facie  convexis  cominis- 
suris  latis,  carpophoris  bipartitis. 

Noiii.  Jap.  Tohi. 

Icon.  Jap.  Honzüzufu,  [X.  fol.  I.  verso  et  fol.  2  ;  Somoku-zusetsu, 
A\  fol.  5. 

Hah.      Ill    Ja[)oiiia   .septeiitrionali  ([praeter  Hokkaido)  et  media  : 
in  orraminosis  montanis.  Auçfusto  fl  !     Prov.    Mutsu  :    Aouiori  ; 

Prov.  Eikuzen  :  ad  ripas  fluvii  Kitakami  ;  Pro  v.  Ugo  :  in  monte  Chökaizan; 
Prov.  Shinano  :  loco  non  indicate  (D.  Takashima)  ;  Prov.  Shimotsuke  :  in 
monte  Nyobô  prope  Nikkö  (ipse)  ;  Prov.  Hitachi  :  in  monte  Tsukuba  (T. 
Makino)  ;  Prov.  Sagami  :  circa  Yokosuka  (Savatier)  ;  Prov.  Kaga  :  in  monte 
Hakusan  :  Prov.  Ömi  :  in  monte  Ibukiyama  (Tani). 
Formosa:  Keliing  (sec.  Henry)  non  visum  ! 

Dislr.     In  nrchipel.  Koreano. 

Habitu  sequenti  valde  affine,  sed  ditfert  caule  gracili  foliis 
iiuo-ustioribus  argute  serratis,  nerviis  acutis  omnibus  ad  apices 
serraturarnm  terininatis. 

3.  Lig.  japonicum.  Maxim,  in  Mel.  biol.  IX  p.  246  ; 
Fr.  et  Sav.  Enum.  PI.  Jap.  II.  p.  371. 

Perenne,  caule  glabro  sub  umbella  puberulo  erecto  2 — 3-pedali 
striato  ;  foliis  ternato  pinnatisectis,  segmentis  oblongis  vel  ovato- 
lanceolatis  vel  circumscriptione  rhombeis  trifidis  partitisve,  lobis 
oblono-o-lanceolatis  maro-ine  serraturis  subtilis  acutis  mucronulatis  ; 
foliis  summis  ternatis,  segmentis  sessilibus  terminalibus  3 — ,  lateralibus 
2-lobatis,  lobis  lanceolatis  acutis  vaginis  summis  ampliatis  oblongis  ; 
involcuris  nullis  vel  1-phyllis  ;  umbellis  30 — 60-radiatis  3 — 7  cm. 
longis   sulcatis   interne   puberulis  ;  involucellis   5 — 6-phyllis    lineari- 
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setaceis,  floribus  masculis  3 — 5  mm.  longis,  fructiferis  circiter  1  cm. 
longis,  calycis  dentibus  parvis,  petalis  obovatis  acumine  inflexis, 
staminibus  petalis  longioribus,  stylis  brevibus  demum  elongatis 
reflexis,  stylopodio  depresso  ;  fructibus  oblongis  a  dorso  compressis, 
jugis  lateralibus  marginantibus,  dorsalibus  rierviformibus,  valleculis 
saepe  3 — ,  commissuris  utrinque  3 — 4-vittatis. 

Nom.  Jap.  Iiuate-tahi,  Nainhu-töld  (sec.  Miyabe  in  Bot.  Mag. 
Tokyo  Ylii.  p.  483). 

Hah.     Japonia  borealis  :  in  montibus  altis. 

Hokkaido  (Yezo) — Prov.  Hidaka  :  Shoya  in  Horoizumi  (Tokiibuelii),  Samani 
(Angnsto  fl.) 

Honshiu — Prov.  Mutsu  :  in  moute  Iwakiyama  (R.  Yatabe)  ;  Prov.  Rikuclui  : 
in  monte  Iwateyauia  (K.  Miyabe  et  A.  Yasiida  !)  ;  Prov.  Eehigo  :  loco  non 
iudicato  ;  ad  cacuminu  montis  Sliimizngoye  (Herb.  Makino). 

4.  L.  (Angelica)  ibukiense  (T-  Makino).  Caule  erecto 
glabro  ramoso  striato  ;  folii.s  bi-ternatis  v.  bipinnatisectis,  segmentis 
|)etiolatis  ovatis  trifidis  ^'.  partitis,  partionibus  rhombeo-oblongis 
inciso-crenatis  apice  mucronatis  supra  viridibus  subtus  glaucescentibus 
petiolis  longis  basin  versus  dilatatis,  superioribus  sessilibus  vaginiis 
oblongis  ;  involucris  1-phyllis  setaceis  ;  umbellis  10-radiatis,  involu- 
cellis  sub-7-phyllis  lanceolato-linearibus  umbellulis  luqualibus  v. 
loçgioribus  interdum  foliaceis  1-nervis  ;  umbellulis  c.  10-floris,  calycis 
margine distincte  setaceo,  petalis  albis  ovatis  ad  apices  valde  infiexis  raro 
obcordatis  ;  staminibus  petalis  longioribus  antheris  albis,  stylis  erectis 
brevibus,  stylopodio  crasso  pulvinato  ;  fructibus  oblongis  nee  doi'so 
compressis,  mericarpiis  jugis  5  prominulis  tequalibus,  commissuris  latis, 
sectionibus  transversalibus,  subteretibus,  vittis  sc  ad  semina  adhœren- 
tibus,  seminibus  facie  convexis  vel  planis,  carpopboris  bipartitis. 

Angelica  ihukiensis     Makino  in  Sched. 

NoDi.  Jap.  Seriinodoki. 

Icon.  Jap.  Somokuzusetsu,  V.  fol.  24  et  25. 
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liilU.       Prov.  Ouii  :  ia  monte  Ibukiyauia  (T.  Makino)  4.  Novembri  1893.  iv  ! 

Coelopleurum   Ledeb. 

Ledeb.   Fl.    Ross.   II.   p.   06 1  ;   Endl.   Gen.   PL  Suppl.  11. 
4535  ;  Duude.  in  Nat.  Pfi.  Fam.  III.  abt.  VIII.  p.  212. 
Archang-elica  in  Benth.  et  Hook.  den.  PI.  I.  p.  1009. 

Calycis  linibu.s  oUsoletus,  petala  oblonga  intégra  apice  involuta  ; 
fructus  a  dorso  parum  compressas,  mericarpia  5-juga  elevata  crassa 
subcarinata  exteriore  corticosa,  interiore  arete  adnata  ejugata,  vittae 
numerosae,  carpophorum  bipartitum  liberum,   semen   transverse  semi- 

lunare  ;    herba  perennis,  flores  albi. A    genere   Angelicae  differt 

fructibus  a  dorso  minus  compressis,  vittis  numerosis  seminibus 
liberis. 

Coelopleurum   Gmelini   Ledeb.    Fl.  Ross.  II.  p.  361  ; 

Ruprecht,  Rev.  Umb.  Kamtscli.  p.  12  ;  A.  Gray.  Bot.  Jap.  p.  391  ; 
Fr.  Schmidt,  Fl.  Sachal.  13G  ;  Coult.  et  Rose.  Rev.  N.  Am.  Umb.  p. 
GO  ;  K.  Miyabe,  Fl.  Kurile  Isl.  p.  236. 

ArchaiujeJica  Gmelini  DC.  Prodr.  IV.  p.  170  ;  Hook.  Fl.  Bor. 
Am.  I.  p.  267  ;  I*>enth.  et  Hook.  Gen.  PL  I.  p.  1009  ;  Fr.  et 
Sav.  Enum.  PL  Ja]j.  I.  p,  188  ;  Kurtz.  FL  Chilcat.  Alask.  in  Engl. 
Bot.  jahrb.  XIX.  p,  382  ;  Fl.  Tschuktch.  in  Engl.  Bot.  jahrb. 
XIX.  p.  461. 

Archangelica  Keiskci     Miq.  Prol.  p.  250? 

Caule  fistuloso  erecto  multiped,  alto  glabro,   sursum  plus  minus 

puberulo,  foliis  radicalibus ,  mediis  et  summis   biternatis- 

ectis,  segmentis  primariis  distincte  petiolatis,  secundariis  sessilibus  v. 
brevi-petiolulatis,  segmentis  omnibus  ovatis  v.  rhombeo-ovatis 
l>asi      in^quilateralibus      v.      confluentibus      subœqualiter      serratis 
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:i(]  nervös  jugas({iie  loliorimi  tomentosis  ;  petiolis  basi  dilatatif-, 
vaginis  siiperioribus  ampliatis  aliquando  apice  auriculatis  ; 
involucro  nullo  vel  l-pliyllo  ;  unibellis  ninlti  (circa  3o)-radiatis, 
radiis  inœqualibus  ;  invohiceJlis  polyphyllis  linearibus  pedicellos 
subœquaiitibus  subscabris  ;  umbellulis  circa  oO-floris,  calycis  dentibus 
obsoletis,  petalis  albis  oblongis  infiexis  ;  fructibus  oblougis  pedicellis 
aequilongis  v.  lougioribus,  jugis  primariis  œqualibus  corticosis, 
seminibus  facie  subcoiivexis  nucleatis,  vittis  niiinitis  a,  carpopboris 
bipartitis. 

Hah.     Japoiiia  boreali  :  in  arenosis  littoralibus. 

Hokkaido  (Yezo) — Prov.  Kitauii  :  in  moute  Risliiri  (5000  pd.  ].  Augusto   1899. 
fl.  T.  Kawakami)  ;  Prov.  Osliima  :  Hakodate  (Maxim). 

Disir.  \\i  America  boreali,  Asia  boreali-occidentali,  Sacbabn, 
Kamtschatka,  Alaska. 

Cenolophium   Koch. 

JJC.  Prodr.  IV.  p.  151  ;  Endl.  Gen.  Tl.  II.  p.  775  ;  iJenth. 
et  Hook.  Gen.  PI.  p.  1)19  (sub  Selino)  ;  Drude  in  Nat.  PH. 
Fam.  III.  abt.  AQU.  p.  1>1;3. 

Calycis  margo  obsoletus,  petala  obovata  emarginata  cum  lacinula 
inflexa  ;  stylopodio  brevi  conico,  stylis  reflexis  ;  fructus  oblongus, 
sectione  transversali  subteres  ;  mericarpia  5-juga,  jugis  a^qualibus 
argutis  subalatis  ;  vittae  valleculae  1,  commissurae  2.  semen  semiteres 
in  pericarpio  nu(^leatum — Herba  perennis  ;  folia  bi-tripinnatisecta, 
involucra  nulla  V.  1-phylla,  involucella  polyphylla,   foliolis  linearibus. 

Cenolophium  Fischeri  Koch  ?  (Jaule  tiexuoso  glabro 
sub   umbella    puberulo  ;    foliis    radicalibus. ,     superioribus 
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tripiniiatisectis,  .segiiientis  oblongis  pinnatificlis  laciiiulis  apice  acutis 
oblongis,  petiolis  amplis  vaginatis  oblongis  apiee  plus  minus  auri- 
culatis  ;  involucris'  nullis  v.  1-phyllis  lineari-setaceis  ;  nmbellis 
5 — 15-radiatis,  radiis  :l — o  cm.  longis  intus  puberulis,  involucellis 
polyphyllis  linearibus  setaceis  umbellulas  fructiferas  superantibus  ; 
umbellulis  20 — multifloris,  pedicellis  circiter  1  cm.  longis  filiformibus, 

calycis   dentibus   obsoletis,   petalis ;  fructibus  oblongis   7 

mm.  longis  \ — 5  nun.  latis  cum  stylis  retiexis,  mericarpiis  jugis 
omnibus  œqualibus  subalatis  lateralibus  marginantibus  fasciculis 
vascularibus  sub  margine  jugorum  sitis,  valleculis  1—,  commissura 
2-vittatis  seminibus  sectionibus  semiteretibus,  carpophoro  bi-partito. 

Cenolophiuin  Fischeri,  Koch.  Umb.  p.  lOo  ;  DC  Prodr.   p.    152  ; 
Ledeb.  FL  Ross.  IL  p.  282  ? 

tlClh.        Kiirile  :  Shana,  ins.  Etorofii,  (T.  Kawakauii,  Septeuiljri  a.uuo  1898.  ir  !) 

Specimen  tan  tum  unicum  incompletum  cum  fructibus  prostat. 

Distr.      In  Kossia  septentrionali,  media,  australi  ;  Sibiria  Uralensi, 
Altaica. 


Conioselinum  Fisch 

Hotfm.  Umbellif.  I.  p.  185  ;  DC.  JVodr.  IV.  p.  1G8  ;  Endl. 
Gen,  PL  II.  p.  777  ;  Benth.  et  Hook.  Gen.  PI.  p.  914 
(sub  Selino);  Baill.  Hist.  d.  PI.  VIT.  p.  210  ;  Drude  in  Nat. 
Pfi.  Fam.  III.  abt.  VIII.  p.  217. 

Calycis  margo  obsoletus,  petala  obovata  cum  lacinula  intlexa, 
stylopodio  depresso,  fructus  oblongus  a  dorscj  compressus,  mericarpia 
ö-juga,  jugis  alatis  membranaceis,  lateralibus  duplo  latioribus,  valle- 
culae  1 -multi- vittatae  semen  facie  planum  ;   carpophorum  bi-partitum, 
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Herbat'  poi-cimcs,  (;;inlis  iistiilo.su.s.   lnli;i    bipiniuitisecta   segmentis 


piimntifidi.s  r/li;i.er()])li\  lli)i(l(!;i  ;  luiibnllae  terminales  inulti-radiatae  ; 
iiivohKTa  nulla  v.  oligophylla,  involucelli  Ijractoola  lineari-.subiilata  ; 
fiore.s  :ilbi. 

1.  Conioselinum    univittatum   Tunz.     Maxim,     in 

Mel.  ])!<)].  IX.  p.  l^.")!  (in  nota);  \U\\)r.  Rev.  Umb.  Kamtseb.  p.  2'2  ; 
Fr.  et  Sav.  Eninn.  IM,  FI.  j).  o75. 

Sdininii  Ju'iillhniii  S.  Wats,  ''liibjioo-.  Fnd.  X.  Am.  l)Ot.  p. 
432." 

Herba  perennis,  caule  onicili  ^labro  sursuni  scaberulo  striato 
supra  ramoso  striato  od — 50  cm.  alto,  foliis  bipirinatisecti^s,  segmentis 
petiolatis  nni-1)ipinnatitidi8,  laciniis  nltimis  oblongi.s  apice  mucronatis 
supra  viridil)us  subtus  glaucescentibus  ;  petiolis  elongatis  basi  dilatatis, 
vaginis  superiori1)us  oblongis  amplexicanlibns  ;  involucris  nullis  ; 
umbellis  20 — ^25-radiatis,  pedunculis  intns  scaberulis  ;  invobicellis  sub- 
10-pliyllis  lineari-setaceis  scaberulis  umbellulis  longioribus  reflexis 
persistentibus  ;  umbellulis  multifloris.  radiolis  filiformibns  interne 
puberulis  nunc  fertilibus  nunc  sterilibus  ;  calycis  dentibus  obsoletis, 
petalis  albis  ubcordatis  emarginatis.  stylis  brevibiis  erectis  demum 
reflexis  ;  fructibus  oblongis,  jugis  dorsalibus  filiformibus  v.  semialatis, 
marginalibus  alatis.  valleculis  1,  commissura  utrinque  1-vittatis. 

Nah.     Jn     alj)ibus     Japoniae     borealis .   et    mcMJiae.    xVugusto  fl  ! 

Kurile — Maknyomai  in  Etrofii.  (T.  Kavvakami). 

Yezo — Prov.   Kibami  :   in  monte  Kishiri  (T.   Kawakami)  ;   Prov.   Kushiro  :  ia 

ignivomo  Meakan  (T.  Kawakami). 

Honshiu — Prov.  Rikuchü  :  in  monte  Kurikoma  (T.  Makiuo)  ;  Prov.  Shimotsuke  : 

ad  summan  mentis  Shirane  in  alpilms  Xikkö  (.J.  Matsuinnra)  ;  Prov.  Kat^a  :   in 

monte  Hakiis;i,n. 

Jjistr.      Sibiria  baikalensi-daburica. 

2.  C.   Sp.      1 — ^2  pedali,    caule    erecto    glabro,    foliis    ternato- 
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bipirmatisectis,  segmentis  ovatis  v.  rliombeo-ovatis  apice  acutis  nec 
acuminatis,  iuciso-dentatis,  dentibus  apiculatis  ;  petiolis  foliorum 
radicalium  elongatis  basi  dilatatis  porpb^^reo-marginatis  amplexi- 
caulibiis  superioribus  saccato-inflatis  microphyllis  ;  involucris  5 — G- 
phyllis  lanceolatis  albo-niembranaceis  dorso  viridi-lineatis  ;  umbellis 
circiter  lO-radiatis  iiitus  puberulis  2  cm.  longis  ;  involucellis  subpenta- 
phylli«,  umbelliilis  brevioribus  ;  umbelbilis  15-floris,  calycis  dentibus 
obsoletis,  petalis  albis  obloiigis  apice  acumiiie  inflexis,  filamentis  petalis 
vix  brevioribus  antberis  atro-purpureis  oblongis,  stylis  elongatis 
erectis  denium  refiexis.  fructibus  juvenilibus  valloculis  1—,  commissura 
2-vittatis. 

Noui.  Jap.  Seiili'ii,  Kinhiii.     JM^n  "^H 

Icon.  Jap.  Honzözufu,  IX.  fol.  4  ;    Sömokuzusetsu,  V.  fol.  2. 

In  hortis  japonensibus  saepe  caltum  ;  fructus  mat.  nobis  ignotus, 
sed  a  précédente  bene  distincta,  involucris  5 — 6-phyllis  oblongis, 
autheris  nec  atropurpureis,  angustioribus.  Tota  planta  odorem 
aromaticum  spirat. 


Angelica  Hoffm. 

Hotfm.  ünib.  I.  p.  158  ;  DC.  Prodr.  IV.  p.  167  ;  Endl. 
Gen.  PL  II.  p.  778  ;  Benth.  et  Hook.  Gen.  PI.  I.  p.  916  ; 
Bâillon,  Hist.  d.  PI.  VII.  p.  207—8  ;  Drude  in  Nat.  Pfl. 
Fam.  III.  abt.  VIII.  p.  219. 

Archangclica  Hoftm.  Umb.  I.  p.  16  ;  DC.  Prodr.  IV.  p.  169  ; 
Endl.  Gen.  PI.  p.  778. 

Ostericimi  Hoffm.  Umb.  I.  p.  161  ;  DC.  Prodr.  IV.  p.  167  ; 
Endl.  Gen.  PL  p.  778. 
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(ruuipliojx'tdlmii  Tiii-c/.  in  Inill.  «le  Ja,  äoc.  Xat.  ^losc.  1841,  p. 
539  ;  Endl.  Gen.  IM.  Suppl.  II.  p.  C!). 

Angelopliijlliuii.  Itupr.  Kev.  l^mb.  Ivamtscli.  ]).  8. 

Calycis  margo  obsoletus  :  ])etala  oblongo-lanceolata  \-.  ova  ta 
acuminata,  recta  v.  infiexa  ;  fructus  a  dorso  conipres.sus  ; 
mericarpia  5-juga,  jugis  dorsalibiis  iiliforniibns.  latcralibiis  in  alas 
expansis  membranaceis  ;  vittae  vallcculae  solitariae  v.  2  ;  semen   facie 

planum llerbae  perennes  elatae  ;   folia  bipinnatisecta    v.   ternato- 

pinnata,  vaginis  valde  ampliatis  ;  umbellis  terminalibus  multi-i-adiatis, 
involucra  involucellaque  nulla  v.  ])()lypliylla  ;  Üores  albi. 

1.  Angelica  anomala  i-dlem.  '- Ind.  Sem.  Hort.  Petr. 
p.  57  "  ;  Fr.  Schmidt,  Fl.  KSachal.  p.  46  et  lo7  ;  Fr.  et  Sav.  Eniim. 
PI.  Jap.  p.  187  ;  Fr.  PI.  David,  p.  141  ;  Maxim.  Prim.  Fl.  Anuir.  p. 
127  ;  Forbes  et  Hemsl.  Ind.  Fl.  Sin.  p.  833  ;  Miyabe,  Fl.  Kurile.  p. 
236. 

Aiujdica  montana  car.  <nujustifolia  Ledeb.  Fl.  Koss  II.  ]).  295. 

A.  sachalinen.sis     Maxim.  Prim.  FI.  Amur.  p.  127. 

Multi-pedalis,  caule  listuloso  crecto  glabro  praeter  summum  in 
sicco  striato  supra  ramost)  ;  foliis  longe-petiolatis  circumscriptione 
triangularibus  ternato-pinnatisectis,  segmentis  primariis  longe  petio- 
latis,  secundariis  subsessilibus  integris  w  3 — 5-sectis,  laciniis 
rhombeo-obloniiis  v.  lanceolato-oblono'is  interdum  trilobis  10 — 15  cm. 
longis  4 — ()  cm.  Jatis  apice  acutis  argute  serratis,  supra  glabris  ad 
nervös  basinque  pubescentibus  ;  ])etiolis  l)asi  dilatatis,  vaginis 
jimplisissimis  ventricosis,  supremis  microphyllis.  radiis  umbellarum 
pnrpureis  dense  pubescentibus  ;  involucris  involucellisque  mdlis,  vel 
involucellis  oligo-phyllis  membranaceis,  umbellis  10— 7()-radiatis 
pedunculis  iniequalibus  8 — 12  cm.  longis,  umbellulis  50 — 60-tioris, 
calycis  dentibus  obsoletis,  petalis  allais  obovatis  apice  acuminatis  valde 
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inÜexis  ;  staniiiiihiis  petaJis  vix  longioribus,  antheris  albis,  stylis 
brevibus  demum  reflexis,  peclicellis  inaäqualibus  circa  1 — 2  cm.  longis  ; 
fructibus  obloiifi-is  S  mm.  x  (5  inin  basi  emarg'inatis  a  dorso 
compressis,  jugis  tribus  dorsalibus  n erv i form i bus,  marginalibus  alatis  ; 
valJeculis  1 — ,  commissuris  4-vittatis,  carpophoro  bipartite. 
Nom.  Jap.  Yc'zo-nlii. 

Hah.     In  herbidis  per  totam  Yezo  et  in  montibus  altis   Honshiu 
borealis,     August  H.  et  fr. 

Kurile — Ins  Etorofu  :  ad  Shana  ot  Shibetoro  (See.  K.  Miyabe). 

Hokkaido  (Yezo) — Prov.  Hidaka  :  Sarubuto  (Auguste)  ;  Prov.  Ishikari  :  Sorachi- 

buto  (K.  Miyabe),  ad  fluvium  Toyohira  prope  urbeui  Sapporo  (J.  Matsumura)  ; 

Prov.    Iburi  :    Oshauianbe    (T.    Kawakami)  ;    Prov.    Kusliiro  :    Sempoji    (See. 

Miyabe);  Prov.  Oshima:  Hakodate  (J.  Matsumnra). 

Honshiu — Prov.  Shimotsuke  :  in  uionte  Xiklvö. 

Distr.  In  Sibiria  baikalensi,  ad  Amur  inferiorem  ;  China 
boreali  :  Mongolia.  Chili,  Kiangsi  ;  Sachalin. 

-.  A  Ursina  Mjixim.  in  Mel.  Ijiol.  IX.  p.  652  ;  Fr.  et  Sav. 
Enum.  PI.  Jap.  II.  p.  o75. 

Angeloplujiliuii  iirsiuwii  Rupr.  Rev.  Umb.  Kamtsch.  p.  8  ;  Fr. 
Schmidt.  Fl.  Sach.  p.  136. 

Angelica  japonica   Gray,  (pro  parte  teste  Maxim.)  Rot.  Jap.  p.  890. 

Gaule  glabro  iistuloso  striato  multipedali  4 — 5  cm.  diam.  supra 
ramoso  ;  foliis  radicalibus  longe-petiolatis  ternatis,  segmentis  late 
ovatis  V.  rhombeo-rotundatis  o — 5-fidis  20 — 30  cm.  latis,  basi  cordatis 
vel  rotundatis  laciniis  rhombeo-ovatis  apice  acutis  rarius  obtusis 
subasqualiter  serratis  glabris  viridulis  ;  petiolis  foliorum  inferiorum 
basi  dilatatis  amplexicaulibus,  superioribus  vaginis  amplisissimis 
oblongis  V.  ovatis  margine  papyraceis  microphyllis  glabris  ;  involuci'is 
nullis  aut  1-phyllis  foliaceis,  umbeliis  35 — 60-radiatis,  radiis  interne 
scaberulis  4 — 12  cm.  longis  ;  involucellis  8 — 10-foliolis  lanceolato- 
linearibus,  pedicellis  brevioribus  ;  umbellulis  30 — 40-Üoris,   }3edicellis 
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1 — o  cm.  longis,  calyci.s  deiitibus  obsoletis,  putiilis  ulbis  oblongo-. 
ellipticis  apice  aciitis  involiiti.s,  ühmienti.s  petulis  duplo  longioribus, 
antheris  ovato-rotiiudatis,  stylis  l)revibus  stylopodio  conico  depresso  ; 
fructibus  oblongis  v.  ovalibus  7  mm.  lougis,  commissuris  4  mm.  latis 
l);isi  saepe  emarginatis,  jagis  tribus  dorsalibus  filiibrmibus,  margina- 
libiis  in  ahis  dilatatis,  valleculis  univittatis  superficialibus,  commissuris 
4-vittatis. 

Nom.   Jü]).    Yezoniu,    Seiki,   ^liiulxina  (Xom.  Aiuu  ex  Miyabe  et 
Batcbel.  Ainu.  Econ.  VI  p.  205). 

Hab.     In  pratis  humidis  per  totam  Yezo  et  in  sylvaticis  alpini.s. 
lionshiu  borealis  et  mediae  frequens. 

Yezo  (Hokkaido)— Prov.  Isliikari  :  in  monte  Moiwa  prope  urbeui  Sapporo 
(J.  Matsumura)  ;  Prov.  Iburi  :  iu  collibus  littoralibus  Mororan  (J.  Matsumura)  ; 
Prov.  Oshima  ;  Hakodate  (J.  Matsumura). 

Honshiu — Prov.  Uzen  :  in  monte  Hagurosan  ;  Prov.  Sliimotsuke  :  in  alpibus 
Nikkö  (J.  Matsumura,  T.  Sugiyama)  ad  declivia  Fudözaka  (J.  Matsumura)  ; 
Prov.  Shinano  :  in  graminosis  sylvaticis  montis  Wadatöge  (ipse)  Prov. 
Kaga  :  in  monte  Hakusnn  :  Prov.  Shinano  :  in  monte  Komagatake  et 
Togakuslii. 

Distr.      Sachaliij,  Kamtschatka. 

3.  A.   dahurica      Bentb.  et  Hook.  Gen.    V\.   L  p.   î)16  ;  Fr. 
et  8av.  Enuni.  Tl.  Jap.  1.  p.  187. 

Callisace  deh urica  F'mAi.  Hoïïm.   Umb.  ed.   '2.  p.   170  Ledeb.   Fl. 
Ross.  IL  p.  316. 

Hah.     Nippon  media  (sec  Fr  et  Sav.). 
Dislr.     Sibiria. 

4.  A.  réfracta.     Fr.  Schmidt.  FL  Sach.  p.  138  ;  Fr.  et  Sav. 
Enum.  PL  Jap.  I.  p.  187. 

A.  sijlvestris     Rupr.  (non  L  !).  in  Kev.  Umb.  Kamtsch.  p.  10. 
Caule  erecto  inani  glabro  superne  puberulo,  foliis  inferioribus 
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loDge  petiolatis  bi-piniiatisectis,  petiolis  omnibus  ad  iiisertionem 
primarium  refractis,  inferioribus  basi  (lilatatoatteonatis  aniplexi- 
caulibus,folii.s  sumniis  ad  vaginas  reductis,  vaginis  oblongis  saccato- 
inflatis  ;  foliolis  omnibus  glabris  oblongo-  lanceolatis  apice  aciiminatis 
margine  argute  irregulariterque  serratis  ad  nervös  puberulis  basi  rotun- 
datis  inaîquilateralibus  ;  umbellis  sericeo-pubescentibus  ;  involucris 
nullis  ;  umbellis  50 — GO-radiatis,  radiis  inœqualibus,  involucellis  oligo 
pbyllis  linearibus  setaceis  pedicellos  superantibus  ;  umbellulis  pluri 
iloris,  calycis  dentibus  obsoletis,  petaüs  albis  ovatis  apice  acutis  inflexis, 
filamentis  petalis  duplo  longioribus,  fructibus 

Caulis  Ij — 2  m.  altus,  tenuior  quam  antecedentibus  duobus 
summo  purpureo  ;  foliola  6 — 8  cm.  longa,  1^^ — 2  cm.  lata  ;  pedunculus 
5 — 7  cm.  longus;  involacella   1 — 1^   cm.   longa. 

Nom.  Jap.  Yezo-Öbasenkia  ;  Yakira-Kina  (Nom.  Ainu  sec. 
Miyabe). 

Hah.     In  humidis   sylvaticis,    per   totam    Yezo   vulgaris.      Prov. 

Ishikari  :  in  monte  ad  Jôzankei  non  procul  a  Sapporo  (J.  Matsnmura),  Ebetsu 

(H".  Yabe);  Prov.  Iburi:  in  ignivomo  Xoboribetsu  (H.  Yabe)  ;  Prov.  Oshima  : 

Hakodate. 

Kurile — Naipo  in  ins.  Etorofu  (T.  Kawakami). 

Yedo    (sec.  Fr.   et   Sav.)     Forsan  errata. 

Distr.      Sachalin. 

5.  A.  edulis  Miyabe.  Caule  robasto  erecto  ramoso  sub 
umbella  puberulo  ceterum  glabro  ;  foliis  ternato-pinnatis,  segmentis 
ambitu  deltoideis  trilobis  basi  saepe  cordatis,  laciniis  oblongis  v.  ovatis 
apice  acutis  argute  serratis,  vaginis  summis  ampliatis  membranaceis 
reflexis  subaphyllis  ;  foliis  omnibus  supra  viridibus  subtus  glaucescenti- 
bus  ad  insertionem  nervorum  tomentulosis;  involucro  nullo;  umbellis 
multiradiatis,   radiis  interne  puberulis  in  sicco  sulcatis  ;  involucellis 
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polyphyllis  lunceolatis  umbelluhi  brevioribus  ;  uiiibeliuliö  multiHoris 
ina3quipedicellatis,  calycis  dentibus  obsoletis,  petalis  albis  ovato- 
oblongis  antheris  albis  ;  stylis  brevibus  stylopodiis  depressis  ;  fructibus 
oblongis  basi  einarginatis,  jugis  tribus  dorsalibus  nerviformibus, 
marg-inalibns  alatis,  valleculis  1-vittatis  commissuris  2-vittatis 
carpophoro  bipartite, 

Angelica  edulis  Miyabe  (iionien  taiituin)  in  Trans.  As.  Soc.  Jap. 
1).  205. 

Nom.  Jap.  Ama-nin.  Chij'ue  (Nom.  Ainu.  sec.  Miyabe). 

Hah.      Ill  graniinosis  Yezo  et  Honshiu  boreali. 

Prov.    Shiribeshi  :    Takashiuia    (J.    Matsuuiura)  ;    Prov.    Hidaka:    Slioya    (Y. 
Tokubuchi)  ;  Prov.  Ishikari  :  Prope  Sapporo  (Kawakami). 

Honshiu — Prov.  Eikuchü  :  in  monte  Iwateyama  (sue.  Mijalje)  ;  Prov.  Rikiizen  : 
Matsushima  ;  Prov.  Uzen  (T.  Kawakaaii). 

Herba  G — 10-pedalis  glabra  ;  peduncalus  50 — (iO-radiatus,  5 — 10 
cm.  longiis  ;  umbellulae  50 — GO-tiorae,  8—15  mm.  longae  ;  involucella 
5  mm.  lono-a;  fructus  4  mm.  x  <>  mm.  Xinx.  ursinae  Maxim,  maxime 
affinis,  sed  fructibus  late  oblongis  nee  angustis  differt  ;  n1)  A.  anomala 
Maxim,  foliolis  latioribns  bene  separanda  1 

<^>.  A.  kiusiana  ^Inxim.  in  Mel.  l)ioI.  LX.  p.  14  ;  Fr.  et 
Sav.  Ennm.  IM.  Jap.  1.  p.  187  ;  Forbes  et  Hemsl.  Ind.  Fl.  8in.  1.  j). 
334  ;  Palibin,  Consp.  Fl.  Kor.  I.  p.  98  ;  ]>retschneider,  Plist.  Eur. 
F)ot,  Disc.  <1iiii.  ]).  51)G  ;  [to  et  Matsumura,  Tentam.  Fl.  Lutch. 
I.  p.   531. 

A.   SIrholill     M'n[.  Frol.  ]).  24!)  (teste  j\Iaxim.). 

(  aule  robusto  striato  ramoso  ;  foliis  longe-petiolatis  ambitu 
triangularibus  ternato-pinnatis,  segmentis  subsessilibus  vel  brevi- 
petiolatis  oblongis  10  cm.  longis,  4 — 5  cm.  latis,  basi  rotundatis 
subœqualiter  serratis  ;  foliolis  3 — 5-fidis  supra  nitidulis  ;  petiolis  basi 
dilatato-attenuatis    semi-amplexicaulibus,    vaginis    summis    ampliatis 
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îiphyllis  ;  involaero  subpeiitaphyllo,  pbyllis  angaste  triangularibus  ; 
iimbellis  30 — 40-radiatis  interne  puberulis  ;  involucelli  bracteolis 
5 — 10  lineari-lanceolatis  ;  imibellulis  30 — 40-floris  ;  calycis  dentibus 
parvis,  petalis  albis  ellipticis,  filamentis  petalis  longioribus,  stylis 
brevibus,  fructibus  oblono'is  vel  ovalibus  1  cm.  x  7  mm.  latis  valde 
compressis,  jugis  dorsalibus  filiformibus,  marginalibus  alatis  crassis 
spongiosis,  valleculis  1  -,  commissura  4-vittatis. 

^'oiii.  Jap.  Oni-mlo  ;  Kujiragnsa  :  Ha)iia-udo. 

Icon  Jap.  Shitsumonhonzö,  I.  fol.  13  sub.  Isoimo? 

Hah.     In  Jocis  apricis  maritimis  Japoniae  australis. 

Prov.     Sagaini  :     Misaki    jiixta    Yokosuka    (medio    Julio    fr.     mat  !)  ;     Prov. 

Izuini  :  Tannowa  prope  oppicUun  Sakai  (S.  Matsuda  fr  !)  ;  Prov.  Kii  :  Asatani 

in  Xiishikagöri  (Julio  fl  !)  ;  Prov.  Nagato  :  Danuoura  (v.  v.). 

Kinsliiu — loco  non   indicate    (Maio   fl  !)  :   Prov.    Hizen  :    in  sinnm    Shimabara 

prope  Nagasaki  (sec.  Maxim)  :  Ins.  Tsushima  (ipse  Augusto  f  r  !). 

Bouin  (Herb.  Makino). 

Liukiu  (sec.  A.  Gray). 

Formosa  :  loco  non  iudicato  (Uyeuo.  Maio  fl  !)  et  Kelung  (T.  Makino). 

Distr.      In  arcbipelago    Koreano. 

7.  A.  Utilis  Makino  (in  scbed.).  (Aude  erecto  ramoso  supra 
flexuoso  sub  umbella  puberulo  Cioterum  glabro  ;  foliis  radicalibus 
ternato  pinnatisectis,  segmentis  rhombeo-ovoideis  2 — 5-fidis  sub  dupli- 
cato-serratis  longe  petiolatis,  petiolis  basi  dilatato  vaginatis  subamp- 
lexicaulibus  :  foliis  superioribas  ad  vaginas  reductis,  vaginis  ampliatis 
ovatis  albo-membran;iceis  saccato-cuculatis  interdumreflexis  ;involucris 
nullis  ;  umbellis  12 — 15-radiatis  inœqualibus  ;  involucelli  pbyllis 
S — 10  lanceolato-linearibus  acuminatis  variabilis  nliis  brevibus  aliis 
radiolis  longioribus  ;  unibellulis  multi-tloris,  calycis  dentibus  insignis 
petalis  albis  ovatis  ])his  minus  intiexoacuminatis,  iilamentis  petalis 
duplo  longioribus  antberis  albo-flavescentibus,  stylis  brevibus, 
stylopodiis  depressis  margine  iindulatis,  fructibus  immaturis  oblongis 
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jugis  tribus  dorsalibus  crassis  iierviformibus,   inarginalibiis  sub-alatis, 
vallecnlis  1  commissuris  ntrinque  bi-vittatis 

Archarujeîica  oßcinalis,     A.  Gray   in    List  Ja]).   PI.   ]).   .312. 
Nom.  Jap.  Ashitaba  ;  Hachijôso^ 

Icon.  Jap.  Sömoku-zusetsu,  A.  fol.  14  ;  Kawi,  III.  fol.  2  ; 
Honzôzufu,  LXX.  fol.  16.  recto. 

Hah.     In  arenosis  littoralibus  regionum  temperatarum. 

Prov.  Awa  :  Hamaogi  (T.  Makino)  ,  Prov.  Sagauii  :  Misaki,  (T.  Tsuchkla,  et 
ipse  Octobri  20  fl.  fr.)  ;  Prov.  Izu  :  Shimoda  (sec.  Gray)  ;  Insulis  Öshiuia  et 
Hachijösliima  etc. 

Herba  perennis,  3 — 4-pedalis  viridis.  Omnibus  partibus  antece- 
denti  magis  accedit  ;  tarnen  differt  foliorum  segmentis  paulo  latioribus 
minus  nitidulis  vaginis  summis  saccato-inüatis  albo-membranaceis 
numerosioribus  ;  umbelJae  radiis  paucis  (12 — 15),  nec  pluri-radiatis 
ut  in  A.  kiusiana.  Tota  planta  succum  croceum  gummoso-resinosum 
exsudât!  Initio  Octobri  floret;  Novembri  fr.  mat.,  sed  in  A.  kiusiana 
Junio  fl.  et  fine  Julii  fr  ! 

<S.     A.     multisecta     Maxim,  in  Mel.  biol.  XIII.  p.   470. 

Radiée  cylindrico.  caule  1 — 2-pedali  glabro  erecto  fistuloso  sub 
umbella  puberulo  ;  foliis  g]  abri  s  circumscriptione  deltoideis  3 — 5- 
ternatis,  segmentis  secundariis  distincte  petiolulatis,  ultimis  oblongis, 
ovatis  V.  rhombeo-oblongis  apice  acutis  o — 5-fidis  margine  serrato 
dentatis  serraturis  acutis;  vaginis  summis  auriculatis  membranaceis 
reticulatis;  involucro  nuUo;  umbellae  radiis  circa  40  pubescentibus, 
floribus  centralibus  fertilibus;  involucelli  phyllis  linearibus  vel 
lanceolato-oblongis  umbellulis  subœqualibus  reflexis;  umbellulis  20 
vel  multifloris,  calycis  lobis  obsoletis,  petalis  albis  oblongis  apice  acutis 
inflexis,  staminibus  petalis  longioribus,  antheris  in  sicco  atropurpureis, 
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stylis  elongatis   reflexis,    fructibus   ovutis   valde  compressis  velleculis 
1 — ,  commissiira  2 — 4-vittutis. 

Xoiii.  Jap.  Kawazenho. 

Icon.  Jap.  Somokuzusetsu,  V.  fol.  22. 

Hal).     In  umbrosis  alpinis  Honsiu  mediae. 

Prov.  Shinano  ;   in  monte  Ontake   (Yatabe  ;    N.  Olino).  in  monte  Komagatake 
(Aut^usto  fl  !)  Prov.  Kaga  ;  in  monte  Hnkusan. 

î^.     A.  pubescens  Maxim,  in  Mel.  biol.  X  p.  54. 

Caule  robusto  pubescenti  striato  supra  ramoso  ;  foliis  ternato 
pinnatisectis,  segmentis  iniimis  pinnatiiidis,  laciniis  oblongis  v. 
rhombeo-oblongis  apice  acutis  argute  serratis  ad  nervös  pubescentibus, 
petiolis  dense  fusco-pubescentibus  basi  dilatatis  supra  amplexicaulibus, 
vaginis  superioribus  ovatis  involucrantibus  aphyllis;  involucris  involu- 
cellisque  null  is  ;  umbellis  12 — -15-radiatis,  radiis  valde  inœqualibus 
2— 9-cin.  longis  ;  umbellulis  multifloris,  calycis  lobis  obsoletis,  petalis 
albis  ellipticis  apice  acumine  involutis,  staminibus  petalis  longioribus, 
stylis  sub  anthesin  brevissimis  demum  reflexis  ;  fructibus  oblongo- 
orbiculatis  jugis  tribus  dorsalibus  nerviformibus  marginalibus  alatis, 
valleculis  2 — 3-,  commissuris  6 —  vittatis. 

Nom.  Jap.  Taliao-Kyokatsu. 

Hah.       Prov.  Yamasbiro  ;  in  monte  Takao  circa  Kyoto  (T.  Makino  Octobri  fr.  mat  !) 

Tota  planta  pubescens.  Haec  species  optime  cum  descriptione 
Maximowiczeana  convenit  ;  tantum  differt  foliolis  oblongis  nee  ovatis 
V.  ovato-lanceolatis  ut  cl.  Maximowicz  descripsit,  fructibus  7 — 8  mm. 
longis  6^^  mm.  latis. 

Var.  glabra  i^i-  Caule  erecto  ramos(j  glabro  supra  puberulo 
sulcato  ;  foliis  infimis  petiolis  asquilongis  triternatis  caeterum  bi- 
triternatis,  segmentis  primariis  petiolatis,  foliolis  terminalibus  trifidis 
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sectisve  busi  deciirrentibus  reliqnis  (jv:itis  apice  aciitis  basi  insecjuila- 
teralibus  subsessilibus  irregulariter  serratls,  nerviis  pilis  Ijrevibus 
pubescentibus  ;  petiolis  glabris,  infimis  basi  dilatatis  merliis  late 
marginatis  tubulcxsis  amplexicaulibus  siiperioribus  vagin  is  cuculatis 
tbliis  parvis  v.  nullis;  involucris  involucellis(jue  nul  lis;  umbellis  20 — 40 
radiatis,  radiis  iriaiqualibns  iritus  scabro-pubondis  ;  uiiibeUulis  20 — 40- 
■floris,  calycis  dentibus  triangularibus  parvis,  petalis  obovatis  apice 
valde  infiexo-acuminatis,  staminibus  petalis  longioribus,  antheris  albis, 
stylis  brevibus,  stylopodio  incrassato-depresso,  fructibus  oblougis 
utrinque  emarginatis,  jugis  tribus  dorsalibus  nerviformibus  inargina- 
Jibus  alatis  valleculis  dorsalibus  1 — ,  Jateralibus  2  eommissuralibus 
utrinque  o — 4-vittatis,  carpophoris  bipartitis. 

Herba  perennis  1  —  2  m.  alta  ;  lamina  oO — GO  cm.  longa  et  lata, 
foliola  4 — 5  cm.  lata,  10  cm.  longa  ;  petiolus  80 — 50  cm,  longns  ; 
fructus  8 — 9  mm.  longus,  (!  mm.  latus. 

A.  precedenti  dittert  caule  glabra  nee  pubescenti. 

iLdh.        [|i  Tukyo  prolialiiliter  spontauoa.     Fine  Septemliri  fi.  Octoin-i  fr.  mat  ! 

10.  A.  polyclada  Franch.  Stirp.  nov.  v.  par.  Fl.  -laj).  in 
Bull.  Soc.  I5.)t.  Fr.  t.  XXXVT.  p.  S5. 

Caule  ramoso  glabro  sulcato  vel  sae])issime  pubescenti  1 — 2  m. 
alto  ad  nodam  purpureo  ;  foliis  inferioribus  bi-tripedalis,  ternato-bi- 
pinnatisectis,  segmentis  [)rimariis  })etiolati8,  foliolis  terminalibus 
circumscriptione  rotundato-ovatis  tritidis  se(ttisve  basi  decurrentibus, 
lateralibus  oblongis  vel  oblongo-ovatis  plerumque  inoaquilateralibiis 
apice  acuniinatis  v.  acutis,  foliolis  omnibus  cliartaceis  supra  viridibus 
subtus  glancescentibus,  œqua liter  serratis,  sub  nerviis  ])ilis  brunneis 
pubescentibus  petiolis  glabis  v.  ])uberulis  basi  dilatatis,  foliolis 
superioribus  subtus  pubescentibus  duplicato-serratis,  vaginis  saccato 
ampliatis,     vaginis    supremis     pubescentibus    cuculatis     microphyllis 
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demuiii  retlexis  ;  involiicris  nullLs  ;  umbelli«  oO — 50-radiatis,  radiis 
valde  iiiicquilongis  pnbescentibus  ;  involucellis  nullis;  umbeliulis  circa 
OO-'üoris,  ealveis  deiitibu.s  obsoletis,  petalis  albis  oblongi.s,  iilamentis 
petaliy  (Uiplo  triplove  longioribus,  stylis  brevibu«  divergentibu.s 
capitatis  denium  retlexis,  stylopodio  crasso  conico  ;  valleculis  1 — , 
commissura  2-vittati.s. 

CI.  Franchet  descripsit  :  ''  par  ses  pétales  sensiblement  inégaux, 
la  plante  que  nous  decrivon  ici  se  rapproche  des  Heracleum,"  sed  in 
planta  nostra  petala  fere  aH[ualia  ! 

Nom.     Jcip.  Sltlsi-ïiilo. 

Hdh.     In  svlvaticis  montanis  Japoniae  mediiie. 

Prov.  Iwashiro  :  ia  monte  lidesan  (Yatabe  et  J.  Matsauium,  Augusto  fl  !)  in 
tractu  Aizii  (sec.  Francb,  R.  Yatabe  et  J.  Matsuuuira)  ;  in  ujonte  Adatarôsan 
(K.  Neuioto  Augusto  fl.);  Prov.  Shitnotsuke  :  in  alpibus  Xikkô  (Tulio  fl  !)  ;  Prov. 
Shinano  :  in  gr.iuiiaosis  ignivomi  Asama  (Augusto  fl  !  ipse),  in  monte  Wadatoge 
(fine  Julio  fl!  ipse.)  ;  Prov.  Musasbi:  in  monte  Mitake  (ip^e,  Augusto);  Prov. 
Sagami  :  eirca  Yokoska  (sec  Francb). 

11-  A.  shikokiana  Makino  (in  sched.)  Caule  2 — o  pedali 
glabro  stramineo  ramoso;  foliis  ternato-bipinnatis,  segmentis  oblongis 
lanceolatis  acuminatis  inarffinibas  obsolete-serratis  v.  inteiri'is  basi 
rotundatis,  segmentis  terminalibus  trilobis  basi  contluentibus  glabris 
subtus  glaucescentibus,  [)etiolis  ad  insertiones  foliolorum  tomentosis 
caeterum  glabris  basi  dilatatis  aniplectentibus  ;  umbellis  terminalibus 
et  lateralibus  20 — oO-radiatis,  radiis  et  caule  sub  umbella  pubescenti- 
bus  ;  involucris  nullis,  involucellis  subnullis,  umbeliulis  20 — 30-iloris, 
aliis  fertilibus  aliis  sterilibus,  calycis  dentibus  obsoletis  petalis  albis  ; 
fructibus  oblongis,  jugis  doi'salibus  5  quorum  o  mediis  nerviformibus, 
marginalibus  subalatis,  valleculis  1 — ,  commissura  2 — vittatis, 
carpophoris  bipartitis. 

Nom.     Jfip.  Inu-toki  (ex  Makino). 

JiOh.        Prov.  Kii  (v.  s);    Prov.   Tosa,  ins.    Shikoku  ;    Pr.)V.  Shimotsuke      in  montibus 
Xikko  CV.  Makino). 
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Habitus  quodamondo  Ligustici,  sed  valleculis  uui-vittatis  jugis 
marginalibus  alatis  diffère  videtur. 

!-•  A.  nikoensis  >"•  Caule  2 — 3  pedali  cavo  erecto 
gr.icile  glnbro  sicco  sulcato  ;  foliis  infimis  triternatisectis,  segmentis 
omnibus  petiolulatis,  ultimis  trilobatis  integrisve  laciniis  oblongis  vel 
rhombeo-oblongis  apice  acutis  basi  cuneatis  aut  inœquilateralibus 
irregulariter  serratis,  serraturis  acutissimis  supra  viridibus  subtus 
glaucis,  nerviis  pubescentibus  ;  petiolis  scabernlis  basi,  dilatatis 
margine  purpureo-membranaceis  ;  superioribus  vaginis  elongatis  in- 
volucrantibus  cuculatis  demum  reflexis,  foliis  parvis  v.  nullis  ;  involu- 
cris  nullis  vel  1-pbyllis  ;  umbellis  II — 14-radiatis,  radiis  et  caule 
superiore  pubescentibus,  pedunculis  inaequalibus  1^ — 6  cm.  longis  ; 
involucellis  5 — 8-phyllis  linearilanceolatis  uninerviis  umbellam  sequan- 
tibus  ;  umbellulis  circa  12 — 20-tioris,  calycis  dentibus  triangularibus 
minutis,  ])etali.s  albis  ad  margines  purpurascentibus  oblongis  apice 
acutis,  stamiiiibus  petalis  longioribus,  stylis  brevissimis  ;  fructibus 
oblongis  jugis  tribus  dorsalibus  a?qualibus  crassis,  marginalibus  alatis, 
vittis  valleculis  1 — ,  lateralibus  rarius  5,  commissuris  utrinque  1, 
carpophoris  biparti tis. 

Caulis  2 — o  ])edalis  ;  f(jli<)la  10  cm.  longa,  4 — 5  cm.  lata  ;  pedi- 
cellus  o — 5  mm  ;  fructus  7  mm.  longus,  -1  mm.  latus. 

Folia  iis  Peiicedani  decursivi  Max.  similia,  sed  serraturis 
argutioribus,  foliolis  omnibus  petiolulatis. 

liilb.       Prov.  ShiiJiotsuke  :  in  ruoute  Nikkô  (J.  Matsumura  Octobri  fr  !). 

l'^-  A.  saxicola  Makino.  (in  Sched.).  Herba  perennis 
tenera  liumile,  caule  sulcato  subramoso  tomentoso  ;  foliis  plerumque 
radicalibus  longe  petiolatis  ternatis,  segmentis  ])rimariis  distincte 
j)etiolulatis  ternatifidis  vel  partitis  ;  partionibus  rhombeis  v.  oblongis 
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pinnatifidis,  laciiiulis  oblongo-laiiceolatis  o — o-serratis,  serraturis 
apice  acutis  ;  foliolis  omnibus  supra  viridibiis  nitidulis  ad  veiias 
puberulis  subtus  glaucescentibus  ;  petiolis  inferioribus  dilatatîs, 
superioribus  sessilibus;  vaginis  oblongo-membranaceis  reticulatis,  foliis 
minimis  vel  niillis  ;  involucris  1-pbyllis  lanceolatis  ;  umbellis  termin- 
alibus  fertilibus  lateralibns  sterilibus  multi-radiatis,  radiis  intus  scabro- 
puberub's  ;  involucellis  sub-10-phyllis  lineari-lanceolatis  ad  basin 
angustis  1-nerviis  umbellulis  œqualibus  vel  etiam  longioribus  ;  um- 
bellulis  multifloris,  pedicellis  inœquilongis,  calycis  lobis  parvis,  petalis 
albis  oblongis  apice  acutis  involutis,  staminibus  petnlis  duplo  longiori- 
bus ;    styb's  brevibus    demum   elongatis   reflexis,    stylopodio   conico  ; 

fructibus  (immaturis)  oblongis 

Sesquipedalis,  petiolis  10 — 12  cm.  longis  ;  foliolis  3  cm.  longis 
1^  cm.  latis  ;  pedunculus  5 — o  cm.  longus  ;  involucella  c.  1^  cm. 
Precedent!  valde  afïinis,  differt  foliolis  nitidulis  nec  ovatis,  nec  tenuis, 
involucellis  brevioribus. 

Nom.  Jap.  Iira-zeri  (Makino). 

£l(lb.        Shik'oku — \n  monte  Ishiziichi. 

1^-  A.  MatSUmurae  n^.  Caule  erecto  glabro  sub  umbella 
puberulo  ramoso  ;  foliis  biternatisectis,  segmentis  tri-quinque  pinnati- 
partitis,  laciniis  lanceolato-oblongis  basi  decurrentibus  margine  argute 
dense  serratis  ;  foliis  supra  ad  nervös  pubescentibus  ;  radiis  umbel- 
larum  circa  40  valde  imcquilongis  puberulis  ;  involucris  involucellisque 
nullis  ;  umbellulis  multifloris  pedicellis  iiliformibus  pubescentibus, 
calycis  lobis  obsoletis  petalis  albis  ovato-oblongis  apice  infiexis, 
staminibus  petalis  duplo  triplove  longioribus,  antlieris  atropurpureis, 
stylis  brevissimis  purpureis  stylopodio  incrassato  ;  fructibus  oblongis 
vallecalis  dorsalibus  1 — ,  lateralibus  2 — o,  commissuralibus  iitrinque 
vulgo  trivittatis. 
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A.  aiiomalac  Lall,  altiuis.  diUerl  ioliis  .sii])ra  ad  ut-rvus  j)ul»ef5- 
cciitibii.s.  marginalibus  argute  serrutis  serratiiris  nuuierosioribufs,  radiis 
umbellanmi  circa  40,  l'ructibtis  jnui.s  marginalibus  densioribiis. 


II., h 


Prov.  Shiuiotsiiko  ;  Yiiiiioto  in  monte  Xikkô  (.1.  Matsmmira)  Octobri  fr  ! 


1«'>-  A.  Sp.  Caulc  rc)bu.><t()  .sub  iinibella  scabro-])uberulo  ;  foliis 
loijge  petioJatis  tcrnato — ])i]»iiiiiatis,  segmentis  lanceolatoovatis 
acuminatis  margine  irregularitei*  scrratis,  seiTaturis  acutis  supra 
viridibus  subtus  glaucis  sessilibus  basi  rotundatis  v.  cuneatis;  petiolis 
ainplexcaulibus  summis  involucruntibus  micropliyllis,  involucris  nullis, 
umbellis  pluriradiatis  ((50),  radiis  scaberulis  involucellis  subnullis  ; 
uinbellulis  multifloris  ;  calycis  dentibus  obsoletis,  ])etalis  albis  ovatis 
acuminatis  involutis  staïuinibus  ])etalis  vix  Jougioribus,  stylis 
brevibus,  fructiluis 

Al)  A.  aiioiuala  J^all.  dittert  caule  striate)  Ibliis  augustioribus 
serraturis  dcnsioribus.      Cum  Angelica  IJazuli  <Jouaii.  com]>araiida  ? 

Jlüh.       Hokkaido — Prov.  Kitami  :  in  iu?.  llishiri  (T.  Kawakauii,  Julio  auno  1899.). 

K'.  A.  Florent!  1''j'-  et  Sav.  in  Maxim.  Mel.  biol,  IX.  p. 
251  ;  Fr.  et  Sav.  Enum.  IM.  dap.  1.  p.  188. 

Caule  tereti  humiJe  erecto  glabro  sulcatcj  subramoso  ;  foliis  longe 
petiolatis  circumscriptione  triangularibus  bi-pinnatisectis,  segmentis 
pinnatifidis  petiolulatis  laciniis  lanceolato-linearibus  integris  v. 
serratis  ;  petiolis  laminis  du[)l()  longioribus  basi  dilatatis  amplexi- 
caulibus,  summis  nullis,  vaginis  Ibliorum  superiorum  ovatis  margine 
membranaceis  ;  involucris  1— 4-])liyllis  ovatis  acutis  subulatis  radiis 
brevioribus  ;  umbellae  radiis  ô — 8  subiequalibus  in  sicco  angulatis  ; 
involucellis  j»leiophyllis  linearibiis  ovatisve  1-nerviis  pedicellos   sub- 
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lequantibiis  ;  imibellulis  circa  20-tloris  aliis  fertilibus  aliis  sterilibus, 
calycis  dentibus  distinctis  (3vatis  acutis,  petalis  albis  ovatis  apice 
acummato-inflexis  ob  costain  leviter  constrictis,  styJis  brevissimis  nec 
reflexis  fructibus  ovato-orbiculatis,  jugis  tribus  dorsalibus  angustis 
marginalibus  late  alatis,  valleculis  1-,  commissura  2-vittatis. 

NoiiL  Jap.  Sliircoui-ninjin. 

Icon.  rbip.  Sömoku-zusetsu,  \.  fol.  1<S. 

liait.  Prov.  Sagami  :  iu  montibus  Hakone  (S.  Okubo  Octobi-i  fr.  mat!);  Prov. 
Shimotsuke  :  in  summis  montis  Shirane  (J.  Matsumura)  ;  Prov.  Sliinano  :  in 
monte  Ontake  (Julio  1880)  ;  Prov.  Kno-n,  :  lu  alpibus  Hakiisan  ;  in  montibus 
altis  Japoniae  l^oreali  frequens  ! 

Perennis,  1 — :?-pedalis  ;  petiolus  inferior  15  cm.  longus  ;  lamina 
7  cm.  longa,  (i  cm.  lata,  segmentum  ultimum  7x2  mm  ;  pedunculus 
Ig — 2  cm.  longus  ;  fructus  4  mm.  x  5  mm. 

Specimina  prostant  in  montibus  Prov.  IShinanoc  lecta  caulibus 
gracilibus,  foliis  pinnato-decompositis,  segmentis  ultimis  anguste- 
linearibus,  involucellis  lance<3lato-ovatis  apice  acuminatis  margine  albo- 
membranaceis  umbellulam  iequantibus  vel  vix  superantibus,  stylis 
elongatis  reflexis.     An  species  forsan  distincta? 

17.  A.  Miqueliana  Maxim,  in  Mel.  biol.  IX.  p.  255  ; 
Fr.  et  8av.  Enum.  PI.  Ja]).  IL  p.  375;  Franch.  PI.  David.  I.  p.  142  ; 
Hem  si.  et  Forbes,  Ind.  Fl.  Sin.  I.  p.  oo4. 

Caule  sulcato-ramoso  giabro  ;  foliis  ternato-bipinnatisectis, 
segmentis  rhombeo-ovatis  apice  acutis  basi  emarginatis  v.  rotundatis, 
terminalibus  pra^sertim  cuneatis  deciu-rentibus  v.  subsessilibus  4 — 8 
cm.  longis,  ?•> — 0  cm.  latis  grosse  dentatis,  dentibus  apice  mucronulatis, 
petiolis  basi  vaginatis  ;  foliolis  superioribus  oblongo-lanceolatis  vaginis 
ampliatis  ;  involucris  nullis  vel  1 — 2-pliylIis  lanceolatis  foliaceis 
1 — 3J    cm.    longis  ;    umbelh's    5 — 8-radiatis    intus     scabro-puberulis 
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ina3qu{ilibu.s  ;  involucellis  ö  —  (i-phyllis  liinceolatis  pedicellis  l^rcviori- 
bus  ;  umbellulis  15 — SO-Üoris,  ])edicc'lli.s  2 — 7  Jiiiii.  longis,  fioribiis 
masculis  brevibus,  calycis  dentibus  parvis  v.  aciitis  promiiiulis 
1-nervis,  petalis  albis  sii])iiuu([ualibu.s  obcordatis  apice  emarginatis  cum 
lacinula  inflexis  filamentis  petalis  œquilongis,  antheris  albis,  stylis 
sub  anthesin  erectis  dein  refiexis;  stylopodio  conico-depresso;  fructibus 
oblono-is  obovatisve  valleculis  1 — o-,  coniniissura  (1 — (S-vittatis. 

o 

Nom.  Jap.  Y(Ui)(i-zeri. 
Icon.  Jap.  Sömokuzusetsu,  \.  fol.   2o. 

Hah.  daponia  media  :  in  umbrosis  sylvaticis  et  valleculis 
hiimidis.     Octobri  fl. 

Prov.  Ilikuchü  :  in  tractu  Naiubu  (sec.  Maxiui.)  ;  Prov.  Shiuiotsuke  :  ia  alpibiis 
Nikkö  (J.  Matsumura  Octobri  fl.) -,  Prov.  Shinano  :  loco  non  indicate  (D. 
'J'akashiuia  no.  8.)  ad.  pedoui  montis  Shironma  (ipse  Aug-usto  fl  !)  ;  Prov. 
Musashi  :  circa  urbeni  Toicyo  (Octobri  fl.),  in  montibus  Chichibu  (ipse  !)  ; 
Prov.  Saf^auii  :  in  montibus  Hakone  (sec.  Maxim  !  T.  Makino,  S.  Okul)o  !)  ; 
Prov.  Ouii  :  in  monte  Ibukiyama  (ipso,  septembri  fl  !)  ;  Prov.  Tosa  :  Tachikawa 
(Hcrl).  T.  Rlakiuo)  ;  Kiushin  :  in  monte  Knndsho.^an  (sec.  Maxim.). 

Distr.     Cbina  boroîdi  :  Chili,  Mongolia. 

l'S.  A.  polymorpha  Maxim,  in  Mel.  biol.  IX  p.  1.S7  et 
257  ;  Fr.  et  Sav.  Eniun.  pl.  da]).  IT.  [).  o75  ;  lîretsclin.  Hist.  Eur. 
Bot.  Disc.  p.  590. 

Gaule  cavo  erecto  glabro  sub  unibella  puberulo  ad  nodos  ])ur- 
purascenti  cu^terum  viridi  ;  foliis  rudicalibus  deltoideis  ternatu- 
tripinnatis  membnmaceis,  segmentis  primariis  secundariisque  longe 
petiolulatis  ultimis  brevi  petiolulatis  v.  sabsessilibus  ovatis  v. 
rhombeo-oblongis  o-lobis  v.  integris  profunde  inciso-serratis,  serratiiris 
mucronulatis  ;  petiolulis  interdum  refiexis  summis  ad  vaginas  elongato- 
lanceolatis  cuculatis  microphyllis  ;  involucro  nullo  ;  umbellis  termina- 
libus  et  lateralibus  sub  20-radiatis,  radiis  interne  puberulis  ; 
involucellis  sub  5-phyllis  linearibus  puberulis  umbellulas  lequantibus  ; 
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uuibellulis  inultiiloris  pedicellis  1 — 1^  cm.  loiigis,  culycis  dentibiis 
saepissime  obsoletis  vel  brevibus,  petalis  albis  obovatis  apice  acumi- 
natis  inflexis,  staminibus  longioribus,  antberis  albis,  stigmatibus 
capitatis  stylis  brevibus  deiiium  valde  elongatis  reÜexis  ;  fructibus 
quadratis  basi  cordatis,  jugi«  dorsalibus  subaequalibus  Diarginalibus 
alatis  nee  papilaceis,  valleculis  1-,  commissura  2-vittati.s,  minutis. 

Nom.  Jap.  Siiziihi-ien  :  Shim)ie-senkiu  ;  Yaniasenkiii. 

Icon.  Jap.  Honzo-zufu,  IX.  fol.  7  sub  Suzukazeri. 

Hah.      Per    totam     Ja])oniam     in     sylvis     umbrosis    subalpinis* 

Septembri  —  Octobri  fl  1  prov.  Rikuzen:  circa  urben  Seudai  (Herb.  Yasuda  Octobri 
fl  !)  ;  Prov.  Iwashiro  :  Tsucbiuoyu,  in  tractii  Aizu  (K.  Nemoto)  ;  Prov. 
ShimotsLike  :  ia  alpibus  Nikkö,  ad  Chüzenji  (.1.  Matsumura  Octobri  fr.  mat  !), 
ad  luontem  Shiiane  (fine  Septembri  fl  !)  :  Prov.  Musashi  :  in  declivitate 
sylvatica  Kobotoke  (ipse)  ;  Prov.  Sagami  :  in  montibus  Hakone  (Tschonoske 
sec.  Maxim,  ipse  Octobri  fl  !)  ;  Prov.  Suruga  :  in  viilcano  Fuji  (Herb.  Makino)  ; 
Prov.  Shinano  :  in  monte  Togakushi  ;  Prov.  Kaga  :  ad  pedem  montis  Hakusan 
(R.  Yatabe)  ;  Prov.  Kawachi  :  in  monte  Ivöngösan  (K.  Nagano  :  T.  Tada.)  ; 
Prov.  Ise  :  in  monte  Suzuka  (ex  K.  Tani),  iu  montis  Komono  (K.  Tani)  ;  in 
monte  Kyögamine  (K.  Tani). 

Shikoku — Prov.  Awa  :  iu  pago  Shinryo   (X.  Oyatsu  no.  91);  Prov.  Tosa  :  in 
monte  Kurotaki  (T.  Makino)  ;  Prov.  lyo  :  Naose  (T.  Makino). 
Kiushiu — Prov.    Bungo  :    prope   Öita    (A.   Ideta)  ;    in   jugo    Kundsho>an    (sec. 
Maxiui). 

!•>.  A.  hakonensis  Max.  in  Mel.  biol.  IX  p.  '257  ;  Fr. 
et  Sav.  Enum.  PI.  Jap.  IL  p.  o75  ;  Bretchneider,  Hist.  Eur.  P)Ot. 
Disc.  Chin.  p.  89G. 

Perennis  2 — ^()-peda!is,  cnule  erecto  ramoso  viridi  vel  purpuras- 
centi  ramis  innovantibus  pubescentibus  ;  foliis  inferioribus  longe 
petiolatis  bipinnatisectis,  segmentis  petiolulatis  triiidis,  foliis  superi- 
oribus  2-vel  o-ternatis  glabris,  lacinulis  omnibus  foliorum  supra 
viridibus  ad  nervös  purpureis  rhombeo-lanceolatis  v.  oblongis  1 — 4 
cm.  latis,  4 — 10  cm.  longis  acuminatis  basi  cuneatis  v.  truncatis 
irregulariter  serratis  v.  duplicato-serratis,  serratm'is  apice  acutis  ; 
petiolis   inferioribus   basi   dilatatis   amplexicaulibus,    vaginis   caulinis 
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oblongis,  suimnis  rotiiiKLitis  saccato-inflati«  viridibus  ])lu.s  iniiiu.s 
j)iirpiireis  ;  iiivoliKi-o  millo  vcl  l-pliyllo  foliaâîis  ;  uijil)elli.s  10 — 15- 
radiatis,  radiis  cloniicatis  o — ô  cm.  longis  aijgulatis  iiitus  puberulis 
])urpurei.s,  involucelli  ibliolis  5 — 10,  lanceolatis  vel  setaceis  uinbellulam 
superantibus  la  inin.  louuis  l-nerviis  refiexi«  puberulis  ;  unibellulis 
15 — 25-tloris,  pedicellis  2 — 7  luin.  lougis,  calycis  dentibus  obsoletis 
vel  setulosis,  ])etalis  obovatis  acutis  inflexis  iiiargiiie  et  in  medio 
atropurpurci.s  ;  iilamcntis  ]>etalis  duplo  lougioribus  purpureis,  antheris 
albis,  stylis  brevibus,  stylopodio  depresso  margine  iindulato  ;  fructibus 
ovalibus  jugis  dorsalibus  cariuatis  conspicuis  Jateraiibus  in  alas 
dilatatis,  valleculis  1-,  commissura  4-vittatis,  seminibus  facie  C(3nvexis. 
Plaiita  succum  croceum  gummosum  exsudât.  Interdum  occurant 
specimina  petalis  6,  staminibus  G,  mericarpiis  3. 

Nom.  Jap.  Jira-niitjin. 

ll(tl).       [n  sylvaticis  humidis  Hakouo  (Tschonoske,  sec.  Maxiui  !  S.  Okuho,  y.  Octobri 
1890;  ipse,  IS  Octobri  1899.  fl.  fr.  nondnm  mat.). 

-^0.     A  inaequalis     Maxim.  Mel.  biol  IX.  p.  l(Sli  et  p.  258. 

Arcliaiujtiica  imiujualis  Maxim,  in  Fr.  et  Sav.  Enum.  PI.  Jap. 
J.  p.  188. 

(  aule  gracili  glab)-«^  fistuluso  erecto,  foliis  glabris  tenuibus  ternato- 
pinnatisectis,  segmentis  pinnatilol^is  irregulariter  inciso-crenatis 
meml)ninaceis  laciniis  (jblongis  vel  ovato-lanceolatis  acuminatis  basi 
cuneatis,  petiolis  basi  dilatatis  elongatis  margine  membranaceis 
])urpurascentil)us  ;  foliis  summis  minutis  vaginis  oblongis,  involucro 
l-])]iyllo  aut  nullo  ;  umbellis  5 — 10-radiatis  valde  ina-ipiilongis  aliis 
7  cm.  attingentibus,  aliis  1 1  cm.  longis  glabris;  involucelli  foliolis 
6 — 8  linearibus  pediccllis  a'<iui longis  v.  brevioribus  ;  umbellulis 
(I — :?0-tloris  ;    fructibus   oblongis  jugis  dorsalibus  tribus  tiliformibus 
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marginalibu.s    alatis    basi    emargiijatis   valleculis    o — 4-,    coinmissura 
(i-vittatis,  carpophoris  bi-partitis. 
Nom.  Jap.  HdHcdii-zeri. 

Hah.  Japonia  media— Prov.  Mikawa  :  in  monte  Hongûsan  (Nagura  in  herb.  Makino)  ; 
Prov.  Tosa  in  ins.  Shiiioka  :  in  monte  Kurotaki  (T.  Makino  octobri  fr  !),  in 
monte  Yokogura  (T.  Makino). 

CONSPECTUS  SPECIEHUM  ANGEEICAKUM. 

I.  Herbae  hnmiles  (I — 2  pédales). 

1.  Eoliorum  laciniae  lineares  integrae Floventi. 

,,  ,,        ovatae  V.  obloiigae 2 

2.  Foliola  oblonga  v.  ovata,  antlierae  atro-purpurae iniiltisecta. 

,,       oblonga  V.  rhombeo-()bl(3iiga  antlierae  albae saxicola. 

II,  Herbae  elatae  (o-multi pédales). 

1.  Yalleculae   1-vittatae    2 

Valleculae  2 — o-vittatae  'J 

2.  Foliola  ad  jugani  réfracta,  oblonga  dense  serrata réfracta 

Commissurae  2-vittatae    o 

Commissurae  4-vittatae   () 

0.      Pericarpia  spongiosa    dahurica. 

Antherae  et  petalae  ad  inargines  purpurae  hakonensis. 

Antherae  albae 4 

4.      Inovolucra  et  involucella   nulla   5 

Involucrum  nulUmi,   involucella  polyphylla,    fructns   oblongus, 

planta  nuilti-pedalis     edulis. 

Involucrum  nullum,  involucella  sub  5-phylIa,  fructus   quadrato- 

oblongus,  c.  3-pedalis polyniorpha. 

a.      Foliorum  laciniae  oblongo-ovatae  dense  serratae polyclada. 
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Folioruiu  laciiiiae  obloiiiio-laci'olatae  laxe  serrulatae  ii.s    IJgusticl 
uciitilobi  siniilt's    .sliikf)kiana. 

6.  l'iaiita   littoi-alcs   méridionales 7 

Planta  septentrionales 8 

7.  rnvolucra    ô-pliylla.   uinl)ella    ;5()— 40-ra(liata.    fructus   ellipticus 

late  alatus kiusiana 

Involucra     nulla,     imibella     12 — lo-radiata.     fructus    oblongus 

anofuste  alatus    utilis, 

s,      Folioruui  sesfmentae  obloiio-fie,  involucella  nulla anomala. 

Folioruni    segmentae    late    ovatae   v.   rhombeo-rotundatae,    basi 

saepe  cordatae,  involucella  oligophylla    ursina. 

î).      Involneella  nulla 10 

[nvolucella  oligophylla  H 

10.  Antherae  albae  pubescens. 

A ntherae  atropurpurae Matsumnrae. 

11.  Folioruin   segmentae  pinnatilobatae,   lobis  inciso-serratis 

ina^qualis. 

Foliorum  segmentae  serratae  Miqueliana. 

PhellopteruS  Benth. 

lîentb.   et    Hook.   Gen.    IM.   I.   \k   !)().")  ;   Drude  in  Xat.  Vi\. 
Fam.  III.  abt.  YIII.  p.  221. 

Glelinia    Fr.   Schmidt,  in   :\Ii(i.    Fl.    Fug.    Bat.    III.   p.   Gl  ; 
F>aillon  Hist.  d.  V\.  VII.  p.  215. 

Calycis  lobi  parvi  membranacei  ;  petala  ovato-lanceolata  v. 
angusta,  acumine  N^nge  inÜexa,  ob  costani  superne  impressam 
emarginata  ;  stylopodia  depresso-conica  subintegra  ;  fructus  subpyri- 
formis,    transverse    subteres,    commissura    lata  ;   carpella   subteretia  ; 
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jugfi  primaria  (3ûinia  ii3<jiialia  in  alas  cra.s.sas  suberosas  dilatata  ;  vittae 
cc,    cum    endocarpio    t(3iiiii    ab    exocarpio    solutae    et    summi    arete 

adhaîrentes  ;  carpophorum  bi-partitiiin  ;  semen  facie  late  excavatum — 

— Herba  diffusa  villosa;  folia  2 — 3-ternatim  v.  sub-pinnatim  dissecta, 

seofmentis  obovatis  denticulatis   subincisisve,   crassiusculis   villosis  v. 

demum  glabratis.  Umbellae  (folia  saep  vix  superantes)  compositae, 
a-radiatae,  umbellulae  compactae  villosae  ;   involucri  folia  1 — 2  v.  0, 

involucelli     cc  ;    flores    parvi    polygami  ;    fructus    majusculi    villosi 

maturitate  vix  olabrascentes. 

PhellopterUS  littoralis  lîenth.  in  Benth.  et  Hook.  Gen. 
V\.  I.  p.  905  ;  Fr.  Schmidt,  Fl.  Sach.  p.  138  ;  Francb.  et  Sav. 
Enum.  PL  Jap.  I.  p.  185  ;  Hance  in  Journ.  P>ot.  (1878)  p.  11  ; 
Coult.  et  Rose,  Rev.  X.  Am.  Umb.  p.  81  ;  Forbes  ec  Hemsl.  Ind. 
Fl.  Sin.  I.  p.  331  ;  Palibin,  Consp.  Fl.  Kor.  I.  p.  97  ;  (1898)  ;  Itö 
et  Matsumura,  ïentam.  Fl.  Lutch.  I.  ]).  2(]2. 

Glehnia  littoralis     Fr.  Schmidt,  ex  Miq.  Frol.  ¥\.  Jap.  P.  249. 

Cymoptcrns  littoralis  A.  Gray,  Bot.  Jap.  in  Mem.  Am.  Acad. 
YI.  p.  391. 

Herba  perennis  humilis  villosa,  f<jliis  biternatisectis,  segmentis 
integris  vel  trilobis  orbiculatis  rhombeo-ellipticis  v.  elongatis  basi 
cuneatis  v.  rotundatis  attenuatis  margine  cartilagineis  œqualiter 
serratis,  superne  nitidulis  viridibus  rigidulis  subtus  puberulis  ;  petiolis 
villosis  basi  dilatato-attenuatis  vaginis  margine  membranaceis  ;  urn 
bellis  compositis  terminalibus  axillaribusque  12-radiatis  ;  involucris 
nuUis  ;  pedunculis  villosis  inœqualibus  ;  involucellis  nullis,  pedicellis 
brevibus  ina3qualibus  valde  villosis,  calycis  dentibus  prominulis 
acutis  triangularibus  uninerviis,  petalis  albis  obovatis  cum  lacinula 
intlexis  ;     fructibus    ovatis     5-jugis,    jugis    prominulis    crasso-alatis 


f)4  ART.  4— V.  Y  A  BE: 

margiiialibus  latioribus,  pericurpiis  corticosis,  seminibus  facie  convexis 
semi-lunaribus,  vittae   :/,  pericarpio  arlhiBrentibus. 

Noiii.  Jap.  Haiiia-huj'ii,  Yaoijd-höfü,  Ise-höfv. 

Hah.      Ill  arenosis  litt«jialibns  per  totam  Japoniam. 

Ids.  Knrile  :  in  Sikotan  (Herh.  Kawakami). 

Hokkaido  (Yezo) — Prov.  Ibiiri  :    Usu   (T.    Kawakami);    Prov.    Hidaka  :    Horo- 

mMnl)etsu    (G.    Toknbuchi),   Twanai  ;    Prov.    Kitami  :    ins.   Eisbiri    (■^.    Hori)  : 

Prov.  Osbiuia  :  Hakodate  (K.  Yatabe),  Mori  (T.  Kawakami). 

Houshin  —  Prov.  Kazusa  :  Icbiuomiya  ;  Prov.   Salami  :   Misaki  (ipse  !   Julio    fl. 

fr!),  Kamakura  (K.  Tsiiji)  ;  Prov.  Izu  :  ins.  Miyakejima;  Prov.  Ise  :   Akogiura 

circa  oppidulum  Tsu  (K.  Tani)  ;   Prov.   Izuiiii  :   Sakai  (S.  Matsiida  Julio  f r  ! 

K.  Xa^rano  Jnnio  fl  !)  ;  Prov.  Settsn  :  Icbinotani  (Majo.  fl). 

Kiushiu — Prov.    Cbikuzen  :    iu    Promontorium    Najioia    (K.    Nagano)  ;    Prov. 

Hizen  :    Karatsu     (Kusaba     in    berl>.    Kawakami);    Prov.    Bungo  :     Oita    (A. 

Ideta)  ;   lus.  Tsusbima  :  Kurosbiaia  (ipse  Auguto  fl.  fr.). 

Liukiu— loco   non    indicate   (H.    Xakagawa,    Wright)  ;    ins.    Kumesbima    (H. 

Kuroiwa)  ;  ins  Amami-Osbima  (ex  Tasbiro)  ;  ins.  Okinawa  (ex  Tashiro)  ;   ins. 

Kurusbima    (A.   Tasbiro    sec.    Ito)  :   ins    Okinawa:    in    tractu    Kundjan    ad 

Xagomakiri  (S.  Tanaka,  no.  82.). 

.Z)?s//-.      Korea,    China,    Manchuria    australi,    Sachalin,    America 
austral  i. 

Ferula  T.. 

Ferula  communis    I-      ^I>-   ^^^-  rarissime  culta. 

Peucedanum  L. 

Linn.   Gen.   n.    889  ;   Koch,   Umb.   !)l^  ;  DC.    Prodr.    TV.  p. 

176  ;   Endl.    (Jen.    PL    p.   779  ;   lîenth.  et   Hook.   Gen.   PL 

I.   ]).    OlS  ;    Haillon,    Hist.  d.    PL   VIT.  p.   2(U  ;   Drude  in 
Xat.  Pfl.  Fam.  III.  abt.  MIL  p.  284. 

Calycis  dentés  obsoleti  v.  parvi  ;  petala  late  ovata  acuminata  cum 
lacinula  inflexa,  stylopodia  crassa  conica  margine  undulata  ;  fructus  a 
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dorso  piano  couipressus  ellipticus  v.  ovatus  vel  basi  emarginatus, 
iigis  primariis  dorsalibus  subaequalibus,  lateralibus  in  alas  dilatatis 
arete  contiguis,  valleciilae  1-vittatae,  laterales  subinde  2 — o-vittatae, 
commissura  saepe  2-,  rarius  6-vittatîi  ;  ojirpophoriim  bipartitum  ; 
semen  complanatuni,  facie  planum — Herbae  perennes  glabrae,  folia 
pinnata  v.  ternato-pinnatisecta,  umbellae  compositae  terminales, 
involiicri  foliola    c/:  v.  0  ;  flores  albi  vel  pnrpurei. 

1.    Peucedanum  japonicum    Thunb.  Fl.  Jap.  p.  117  ; 

Spreng.  Syst.  Xeg.  1.  p.  911  ;  DC.  Prodr.  IV.  p.  182  ;  Fr.  et  Sav. 
Enum.  PL  ;ia]i.  I.  p.  189  ;  Itö  et.  Matsiimura,  Tent.  Fl.  Lutcb 
p.  264. 

Lirjiisiicum  aaitilohinu     Miq.  Prol.  p.  248  (non  S.  et  Z.). 

Canle  erecto  vel  subflexuoso  glabro  v.  puberulo  ramoso,  fol  ils 
inferioribus  longe  petiolatis  basi  dibitatis,  saperioribiis  sessilibus 
vaofinis  latis  anriculatis  maro-ine  membranaceis,  foliis  ternatisectis 
segmentis  petiolatis  basi  cordatis  vel  attenuatis  tritidis,  laciniis 
rhombeo-obovatis  duplicato-crenulatis  glabris  glaucis  ;  involucris 
4 — 5-foliolis  setaceis  pubescentibus  ;  iimbellis  sub  20-radiatis,  radiis 
inœqualibus  pnbeseentibns  ;  involacelli  bracteolis  5 — 8-phyllis  trian- 
giilavibus  lanceolatisve  acutis  umbellnlas  a^qnantibus  pubescentibus  ; 
umbellulis  25-floris,  (.'.alycis  dentibus  obsoletis  puberulis,  petalis  albis 
ovatis  acutis  involutis  dorso  dense  pubescentibus,  fructibus  oblongis, 
jugis  subicqualibus,  valleculis  o — 4-,commissuris  8-vittatis. 

Nom.  Jap.  ]jOta)i-)iiiijin,  Bofaii-höfä^  Kcznn-höju. 

Icon.  Jap.  Sömoku-zusetsu,  Y.  fol.  13. 

Hah.     In     arenosis    littoralibus    Japoniae    australis    et    mediae. 

Julio    fl.  Prov.   Awa:   Hauiaofji  (T.  Makiao)  :  Prov.  Mnsashi  :  Houiuioku  non   procul    a 

Yokohama  (Herb.  Makino)  ;  Prov.  Sagami  :  Misaki  et  circa  Yokoska  (ipse 
Julio  fl  !  Septembri  fr.)  ;  Prov.  Owari  :  loco  nou  couimemorato  ;  Prov.  Kaja  : 
juxta  Kanazawa  (T.  Ichimnra). 
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Shikoku  —  Prov.  lyo  :  Takahauia  (  T.  Makino). 

Kiushiu — Prov.  Hizcn  :  Karatsu  sinus  Simabarae  (Herb.  Kawakaui  ),  Nagasaki: 

Prov.  Hiiipa:  Tsuno  (Herb.  Mus.  Imp.) 

Liiikiu  — Ins.    Ain:iuii-Osbiu)a,    inter   Nishinakauia  et.    Naze    (sec.    Ito)  ;    Ins. 

Okinawa  (Tashiro)  :  Ins.  Kunioshiuia  (Kuroiwa)  ;  ins  Kurushima  (A.  Tashiro). 

Formosa  sept»^ntrionali  :  jiixta  Tauisui  (B.  Hayata). 


-•  P.  deCUrsivum  Maxim,  ill  Mel.  bio].  XII.  ]).  47^  ; 
Hemsl.  et  Forbes,  Iiid.  FJ.  Sin.  I.  p.  oo5  ;  Henry  List  ?1.  Form, 
p.  47  ;    Palibin,  Cousp.  F].  Korea.  I.  p.  98. 

Angelica  deciirsica  Fr.  et  Sav.  Ennm.  PI.  Jap.  I.  ]>.  187  ; 
Franch.  PI.  David.  I.  p.  142  ;  Hance  in  Jonrn.  l')ot.  (1888)  p.  321  ; 
Diel,  FI.  Centr.  China  j).  500. 

Porphyroscias  deciirsivd  !Mi(j.  in  Prob  FI.  Jap.ij).  250;  A.  Kanitz, 
Anthoph.  Jap.  leg.  ]).  28. 

Herba  perennis,  caule  erecto  3 — 6-pedali  glabro  striato  sub 
umbel  la  puberulo,  ad  iiodas  pnrpureo  ;  foliis  radicalibus  caulinisque 
ternatisectis,  segmentis  trifidis  v.  rpiinque-pinnatifidis  glabris  laciniis 
oblongis  crenatis  v.  serrati.s  basi  decurrentibus,  ])etioIis  basi  dilatatis 
vaginis  purpureis,  foliis  superioribus  in  vaginas  reductis  saccato-inflatis 
demum  reflexis  ;  involucris  1 — 2-phylIis  ampliatis  membranaceis 
persister! tibus  umbellis  20-radiatis  1 — 1^  pollicaribus  ;  involucellis 
5 — 7-phyIlis  lineari-lanceolatis  v.  lanceolatis,  umbellulis  fructiferis 
vix  longioribus  ;  umbellulis  sub  20-"floris,  calycis  dentibus  obsoletis 
petalis  teneris  violascenti-purpureis  oblongis  apice  acutis,  antlieris 
purpureis  filamentis  atro-purpureis  v.  albis  petalis  longioribus 
patentibus  ;  fructibus  a  dorso  compressis,  jugis  dorsalibus  minus 
prominen tibus,  marginalibus  expansis  alatis  valleculis  1 — 3-vittatis, 
commissura  4- — G-vittata  ;  .seminibus  facie  sub-planis. 

Xoni.  J(ip.  Nodake,  Udana,  Nozcri,  Kowazcri,  Zenho. 

Icon.  Jap.  lloiizözufu,    VII.   fol.   12.  sub  Zerjko,  Udana  ;    Honzö- 
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kömokukeimözufii,   IX.  fol.    10  sub  Komazeri  ;   Sômoku-zusetsu,   V. 
fol.  33.  sub  Nodake. 

Hah.     In    collibiis    apricis    et    in   fraticetis    ad    oras    sylvarum 
Japoniae  mediae  etiam  inFormosa  frequens.     Prov.    Hitachi: 

Yûki;  Prov.  Shinano  :  loco  non  indicate  (D.  Takashima  !  no.  9.);  Prov.  Shimösa  : 

Shimoshizu  (T.  Makino)  ;    Prov.    Sagami  :    circa   Yokoska   (octobri  fl.)  ;  Prov. 

Musashi  :  circa  Tokyo  (fine  Septembri  fl.  Novembri  fr.  mat  !)  ;  Prov.   Mikawa  : 

Fukamizo  (Kirito)  ;  Prov.   Ômi  :  in  monte  Ibuki  (K.  Tsuji)  ;  Prov.  Kaga  :  in 

monte    Hakusan  ;    Prov.    Izumi  :    Ushitaki    (S.    Matsuda)  ;     Prov.     Harima  : 

Kashimamura   (U.   Ögami)  ;   Prov.    Yamato  :  loco   non    indicato    (Herb.   Mus. 

Imp).  Shikoku — Prov.  lyo  :  in  monte  Ishizuchi  (R.  Yatabe). 

Kiushiu — Prov.  Bungo  :  Öita  (A.  Ideta)  ;  Prov.  Chikuzen  :  in  Kasuyagôri  (K. 

Nagano   no.    136)  ;    Prov.    Higo  :    in    vulcano    Aso    (ipse    Augusto    fl,)  ;    Ins. 

Tsushima:  Tzuhara  (ipse  Angusto  fl.). 

Formosa — Tamsui  (Oldham  sec.  Hemsl.  T.  Makino). 

Distrib,     Korea,  China  australi:  Hanchow  (Ch.  Owatari,  Julio  fl.) 

forma  albiflorum  (Maxim).  Mel  biol.  XII.  p.  472,  floribus 
albis. 

Nom.  Jap.  Shirobana-tiodaJce 

Icon.  Jap.  Honzözufu,  VII.  fol.  12. 

Hah.       Prov.  Musashi  :  circa  Tokyo  (octobri  fl,)  ;  Prov.   Echigo  :  Nagaoka  (S.  Ideta) 
Prov.  Higo  in  ins  Kiushiu  :  in  vulcano  Aso  (ipse.). 

3.  P.  terebintaceum  Fisch,  ex  Turcz.  Cat.  ]3aikal.  no. 
539  ;  Lebeb.  Fl.  Ross.  II.  p.  314  ;  Maxim.  Prim.  Fl.  Amur.  p.  128  ; 
Franch.  PI.  David,  p.  143  ;  Forbes  et  Hemsl.  Ind.  Fl.  Sin.  I.  p.  335  ; 
Palibin,  Consp.  Fl.  Korea  I.  p.  98  ;  Diels,  Fl.  Centr.  China  p.  502. 

Selinum  terhinihaceum     Fisch,  in  Spr.  Syst.  Veg.  I.  p.  909. 

Herba  perennis,  caule  erecto  glabro  sulcato  ramoso  sursum 
scaberulo  ;  foliis  circumscriptione  ovatis,  inferioribus  longe  petiolatis 
ternato-bipinnatis,  segmentis  primariis  petiolulatis  ovatis  vel  oblongis 
basi  decurrentibus,  tertiariis  oblongis  pinnatifidis  ;  foliis  superioribus 
trisectis  bipinnatifidisque  ;  laciniis  ultimis  omnium  foliorum  oblongo- 
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lunceolatis  apice  mucron:itis  ;  petiolis  fuliormn  inferior  um  vaginato 
attenuatis  marginibus  membranaceis,  vaginis  superioribus  apice 
auriculatis  margine  in  sicco  rubel ulo-purpureis  ;  involucris  polypbyllis, 
phyllis  linearibus  décidais  ;  umbellis  18 — 2-1-vLilgo  20-radiatis  1 — 3 
cm.  longis  ina;quipedunculatis  intus  scaberulis  ;  involucellis  G — 8  v. 
multi-phyJlis  lanceolato-linearibus  umbellulam  aiquantibus  v.  super- 
antibus  ;  umbellulis  multifloris,  calycis  dentibus  triangularibus,  petalis 
lato-ovatis  acuminatis  inflexissimis  rubellis,  antheris  albis,  stylopodio 
conico  margine  integro,  fructibus  orbiculato-oblongis,  valJeculis  1-, 
commissura  l2-vittatis. 

Caulis  60  cm.  altus  viridis  ;  folia  radicalia  petiolis  inclusis 
25  cm.  longa,  umbellae  18—24  radiatae,  radiis  ina3qualibus  1 — 3  cm. 
plerumque  2  cm.  longis. 

Hüh.  Hokkaido  (Yezo) — Prov.  Hidaka  :  Horomanbetsu  (Y.  Tokubuchi  !  Augusto  fl.)  ; 
Prov.  Ishikari^ad  rivulum  Toyohira  prope  Sapporo  (J.  Matsiimura  !  initio 
Augusti  1899  fl.  T.  Kawakami  ;  A.  Ideta). 

Distr.     Korea  ;  China  boreali,  Mandschuria  et  Daburia. 

4.  P.  multi-vittatum  Maxim,  in  Mel.  biol.  XIl.  p.  47  ; 
Bretschneid.  Hist  Eur.  Bot.  Disc.  Chin.  p.  597. 

Herba  perennis  1-pedalis,  caule  erecto  fistuloso  glabro  sub 
umbel  la  pubescenti  oligophyllo  ;  foliis  radicalibus  et  inferioribus 
bi-ternatis,  segmentis  primariis  petiolatis,  secundariis  sessilibus  v. 
petolulatis  late  ovatis  v.  oblongo-ovatis  acutis  nunc  obtusis  bi-trilobis 
inciso-serratis,  segmentis  secundariis  ovatis  profunde  tri-lobis,  lobis 
anguste  oblongis  inciso-dentatis  ;  caulinis  superioribus  trisectis  ovatis 
inciso-serratis  ;  petiolis  foliorum  inferiorum  elongatis  vaginis  ampliatis 
oblongis  auriculatis  membranaceis,  superioribus  rotundatis,  ad  inser- 
tionem  petiolulorum  pubescentibus  ;  involucris  nullis  ;  umbellulis 
7 — 10-radiatis,  radiis  c.  2  cm.  longis  intus  pubescentibus  ;  involucellis 
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oligophyllis,  phyllis  lanceolatis  acuminatis  inaîqualibus  ;  umbellulis 
8 — 12  floris,  calycis  lobis  oblongis  acuminatis,  petalis  late  ovatis  apice 
unguiculatis  involutis,  staminibus  petalis  subœqualibus  sty  lis  brevibus 
patulis  ;  fructibus  ellipticis  alatis  jugis  dorsnlibus  nerviformibus, 
vittis  tenuissimis  passim  ramosis  numerosis,  carpophore  bipartite. 

Nom.  Jap.  Hakusan-hôfu,  Hirohan'mjin. 

Hab.       Prov.    Uzon,   in   Japonia   bore^li  ••    in   suuimifatis   mentis   Gassan    (Julio  fl.) 
Prov.    Shinano:    in    uioute   Asam;i,   (Herb.   Mus.  Imp),  in  monte  Komagatake 
(Augusto  fl.),  in  monte  Shiroumayama  (ipse  !  Augusto  fr.)  ;  Prov.  Etchü  :  in 
monte    Tateyama    (Julio    fl.)  ;    Prov.    Kaga  :    in   altissimis   montis    Hakn.san 
(Augusto  fl.  R.  Yatabe). 

5.  p.  deltoideum  Makino  (in  Sched.).  Kadice  cyrindrico, 
caule  glabro  ramoso  sub  umbella  scaberulo;  foliis  glabris  subttis  glauces- 
centibus  ternatim-bipinnatis,  segmentis  ultimis  oblongis  v.  rhombeo- 
oblongis  pinnatim  v.  bipinnatim  dentatis  serratis,  petiolis  inferioribus 
basi  dilatato-vaginantibus,  superioribus  cum  vaginis  latioribus  raargine 
membranaceis  amplectentibus  ;  involucris  nullis  v.  oligo-phyllis 
linearibus  ;  umbellis  10 — 15-radiatis  interne  .scaberulis  ;  involucellis 
G — 8-phyllis  linearibus  pedicellis  brevioribus  inaequalibus  demum 
reflexis  ;  umbellulis  multifloris,  calycis  dentibus  triangularibus  parvis, 
petalis  albis  late  cordatis  cum  lacinula  inflexa,  filamentis  petalis 
subœquantibus,  stylis  elongatis,  stylopodio  conico,  fructibus  orbiculato- 
ellipticis,  jugis  dorsalibus  et  lateralibus  leviter  prominulis,  margi- 
nalibus  alatis,  valleculis  univittatis  ;  seminibus  facie  sub-planis,  vittis 
superficialibus. 

Caulis  1 — 2  pedalis  purpurascens  ;  folia  rigidula  absque  petiolo 
15  cm.  V.  multicm.  longa  ;  umbellae  7 — 10-radiatae  1^ — 2  cm. 
longae  ;  involucella  pedicello  breviora  ;  petala  alba. 

Modo  Crescendi  P.  terebinthacei  Fisch,  affinis,  sed  altior  ;  ditfert 
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imprimis  foliis  rigidulis,  involucellis  brevioribus,  umbellis  paucis, 
involucriy  nullis  v.  oli_go-phyllis,  ]»etalis  albis  net'  rubellulis,  floribus 
masculis  intermixtis.     An  P.  Sieboldi  Miq.? 

Nom.  Jap.  Shimkawa-hûf'û. 

le.  Jap.  Somokuzusetsn,  \.  fol.  11. 

Hah.     In    sylvaticis    montanis    Japoniae    mediae    et    australis. 

Octobri  fl.  Prov.  Ömi  :  in  monte  Ibukiyama  (K.  Tsuji.  Octobri  fr.) 
Prov.  Izumi  :  Hibaragoye  (S.  Matsuda)  ;  in  monte  Makioyama  (K.  Nagano) 
ProT.  Kawachi  :  in  ujonte  Kongösan  (T.  Tada.  Octobri  fl.)  ;  Prov.  Harima 
p:»go  Kasbimamura  (U.  Ogami)  ;  Prov.  Izumo  :  in  monte  Sampeizan  (Augusto) 
Prov.  Tosa  in  ins.  Shikoku  :  Shibakoku  (T.  Makino)  ;  in  pago  Kamibun 
(T.  Makino.  Decembri  Fr.). 

Distr.  Korea  :  loco  non  indicato  (Yenuma),  Fusan,  Chemulpo, 
Seule  (ï.  Uchiyama). 

6.    P.  cartilagino-marginatum    Makino  (in  sched). 

Caule  erecto  glabro  supra  ramoso,  2 — 2-pedali  foliis  bipinnati- 
sectis,  pinnis  2 — 3-jugis  lanceolatis  serrato-setulosis  marginibus  sub- 
lamelligeris  petiolis  superioribus  vaginatis  oblongis  amplectentibus 
vaginis  oblongis,  involucris  nullis  vel  oligophyllis  deciduis  ;  umbellis 
8 — 15-radiatis,  radiis  angulatis  intus  scabris  inœquilongis  ;  involucelli 
foliolis  paucis  lanceolatis  linearibus  puberulis  pedicellis  brevioribus  ; 
umbellulis  10-v.  multifloris,  calycis  dentibus  obsoletis,  petalis  albis 
ovatis  apice  acutis  involutis  ;  antheris  albis  oblongis,  fructibus  jugis 
primariis  dorsalibus  a?qualibus,  vittis  valleculae  superficialibus,  dor- 
salibus  1  ;  lateralibus  2,  commissuralibus  4  seminibus  sectione 
subteretibus. 

A.  P.  decursivo  Maxim,  differt  caule  graciliori,  foliis  minoribus 
segmentis  foliorum  angustioribus  margine  albo-lamerigeris  serratis, 
vaginis  oblongis  nec  saccato-orbiculatis,  radiis  umbellularum  paucis. 

Nom.  Jap.  Hosoha-Nodake 
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Hüh.       Kiushiu — Prov.  Hizen  :  in  uionfe  Nishigatake  ;   Prov.  Hij^o  :  in   vulcano   Aso 
(ipse.  Angnsto  fl.)  ;  Prov.  Bungo  :  in  cauipis  YuViu,  (Octobri-fl  !). 
Shikoku— Prov.  Tosa  (T.  Makino). 


Pastinaca  L. 
Pastinaca  sativa  T..    rarius  culta. 

Heracleum  L. 

Linn.  Gen.  n.  345  ;  Hoffm.  Umb.  L  p.  141  ;  DC.  Prodr. 
IV.  p.  191  ;  Endl.  Gen  PL  no.  4477  ;  Benth.  et  Hook.  Gen. 
PI.  I.  p.  921  ;  Bâillon  Hist.  d.  PI.  VIT.  p.  205  ;  Drude  in 
Xat.   Pfl.  Farn.  III.  abt.  VIII.  p.  239. 

Calycis  lobi  obsoleti  v.  parvi  ;  petala  insequalia  obcordata 
ob  costam  superne  inflexa  ;  stylopodia  conica  margine  undulata, 
carpella  a  dorso  piano  compresso  ;  juga  dorsalia  et  intermedia 
tenuissima  v.  obsoleta,  lateralia  in  alas  expansa,  vittae  ad  valleculas 
solitariae  fructu   breviores,    carpophorum   bi-partitum,    semen    piano 

compressum Herba     perennis    altissima    hirsuta  ;       Iblia    ampla 

latissime  lobata  v.  ternatim  dissecta,  segmentis  latis,  umbella  composita 
a  -radiata,  involucri  foliola  pauca  caduca  v.  0  ;  involucella  polyphylla, 
ovarium  saepe  pubescens. 

Heracleum  lanatum    Michx.  Fi.  Bor.  Am.  I.  p.  16G  ; 

DG.  Prodr.  IV.  p.  192  ;  Hook,  Fl.  Bor.  Am.  L  p.  269  ;  Ledeb.  Fl. 
Koss.  II.  p.  328  ;  A.  Gray,  Bot.  Jap.  p.  391  ;  Maxim.  Fl.  As.  Or. 
Frags,  p.  23  ;  Coult.  Rose,  Rev.  N.  Am.  Umb.  p.  48  ;  Forbes  et 
Hemsl.   Ind.   Fl.   Sin.   I.   p.   336  ;   Miyabe,    Fl.  Kurile  Isl.  p.  236  ; 
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Brittoii  et  Jirown,  111.  FJ.  X.  st.  (au.  II.  p.  51-1  ;  Diels,  Fl.  Centr. 
China.   Engl.   P.ot.  Jahrb.  XXIX.  p.   503. 

Ilcrach'uiii  hnvhatum  Ledeb.  Y\.  Alt.  I.  p.  300  ;  Fl.  Ross.  II.  p. 
322  ;  Reg.  et  Til.  Fl.  Ajan.  p.  98  ;  Maxim.  I'rim.  Fl.  Amur.  p. 
129  ;  Fr.  Schmidt.  Fl.  Sach.  p.  138  ;  Fr.  et  Sav.  Enum.  PI.  Jap. 
I.   ]).  189. 

H.  Moellendorffii     Hance  in  Journ.  Bot.  (1878)  p.  12. 

H.  dissectum     Ledeb.  Fl.  Alt.  I.  p.  301  ;  Fl.  Ross.  IL  p.  323. 

Caule  3-multipedali  sulcato  ramoso  tomentoso  ;  foliis  3 — 5-sectis, 
segmentis  petioliilatis  circumscriptione  ovatis  aut  sub-orbiculatis 
3 — 5-partitis  inciso-lobatis,  lobis  serratis,  serraturis  acutis,  apice 
acutis  V.  acuminatis  superne  glabriusculis  siibtus  pubescentibus, 
petiolis  superioribus  late  vaginatis;  involucris  1 — 2-phyllis  linearibus  ; 
umbellis  14 — 20-radiatis  ;  involucellis  5 — 6-phyllis  lineari-lanceolatis 
umbellulis  florentibus  brevioribus  ;  iimbellulis  multifloris,  calycis 
marginibus  obsoletis,  petalis  albis  valde  ineequalibus,  apice  bifidis  ; 
staminibus  petalis  brevioribus,  antheris  albis  stylis  erectis  petalis 
subiçqualibus  v.  brevioribus  ;  fructibus  immaturis  hispidulis  demum 
glabris  obovatis  valde  a  dorso  compressis,  jiigis  dorsalibus  non  obtectis, 
vittis  dorsalibus  4,  commissuralibus  2. 

Nom.  Jap.  Hanmulo. 

Icon.  Jap.  Honzôzufu,  VII.  fol.  19.  recto  ;  Sômokuzusetsu,  V. 
fol.  36  ;  Honzôkomokukeimôzufu,  IX.  fei.  16  sub  Sagaudo. 

Hah.  In  collibus  apricis  et  sylvaticis  humidis  per  totam 
Japoniam,  Maio  fl.  Junio  fr.  mat. 

Kurile— Ins.    Etorofu  ad    Furubetsu     (sec.    Miyabe).    lus.     Sbikotan    (Herb. 

Kawakauii). 

Hokkaido  (Yezo)— Prov.  Ishikari  ;  circa  urbem  Sapporo  (Y.  Tokubuchi)  ;  Prov. 

Kitann  :  in  monte  Rishiri  (Herb.  Kawakami). 

Honshiu — Prov.   Iwashiro    (K.   Nemoto)  ;   Prov.    Shiuiotsuke  :    Osawa   (Julio)  ; 

Prov.   Musashi  :  circa  Tokyo,  in   monte  Kobotoke  (ipse);  Prov.   Yauiashiro: 
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Arasliiyama   (K.    Nagano)  ;    Prov.    Öuii  ;    in    monte    Ibukiyaina    (K.    Tsuji)  ; 

Prov.  Sagami  :  Yokoska  (sec  Franch.). 

Shikoku — Prov.  lyo  :  in  monte  Ishizuchi. 

Kiushiu — Prov.  Higo  :  juxta  Kumamoto  (v.  v.)  ;  Prov.  Satsuma  :  Shiroyama  ; 

Ins.  Tsushima  :  prope  Izubara  (v.  v.) 

Observ.  Spesimen  unicam  ex  Ibukiyama,  Prov.  Omi  foliis  ternatis 
segmentis  suborbiculatis  5-inciso-lobatis  basi  cordatis  lobis  insequaliter 
crenatis  subtus  ad  nervös  pubescentibus  prostat. 

Distr.  Sibiria,  China  septentrionali,  Manchuria,  Sachalin,  Canada, 
America  boreali. 

Siler  Scop. 

Siler  divaricatum     Benth  et  Hook.     Gen  PL  I.  p.  909. 
Nom.  Jap.  Böfu.     Saepe  cultum. 

Daucus  L. 
Daucus  Carota  L.    Sp.  PL  éd.  I.  p.  242. 

Nom.  Jap.  Ninjin. 

Hal).     Colitur.  per  totam  Japoniam. 
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Distributio  Umbelliferarum  in  imperio  Japonico. 


Species. 
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t2 
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3 
i3 
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Hydrocotyle  javanica,  Thimh. 

_ 

_ 

_ 

„             conferta,  Wight. 

__ 

,,             rotiindifolia,  Roxb. 

^^^^ 

__ 



___ 



^_^ 



„             Wilfordi,  Maxim. 

__ 

^^ 

__ 

^^ 

^_ 

___ 

_^ 

,,             ramiflora,  Maxim. 

_^ 

__ 

^^ 

Centella  asiatica,  Urb. 

__ 

^_ 

_ 

^_ 

__ 

__ 

Sanicula  europaea,  L. 

__ 



_^ 

__ 

satsumana,  Maxim. 

___ 

_— 

Anthriscns  sylvestris,  Hoffm. 



__ 



— 

Osmoriza  japonica,  S.  et  Z. 

__ 

_^ 

^_ 

^_ 

Torilis  Autliriscus,  Gmel. 

^_ 

__ 

^^ 

^_ 

__ 

^^ 

— 



Caucalis  scabra,  Makino. 

^^ 

_^ 

__ 

Pleurospermum  austriacum,  Hoffui. 





__ 

* 

Bnpleurum  falcatum,  L. 

__ 

^^ 

^_ 

_^ 





sachalinense,  Fr.  Schm. 

__ 

^_ 

^_ 

__ 

„        multinerve,  D  C.  var. 

^_ 

__ 

* 

„     triradiatmn,  var.  alpinum. 

___ 

Apium  Ammi,  Urb. 

? 

Apodicarpum  Ikenoi,  Makino. 

— 

Cicuta  virosa,  L. 



— 

— 



— 

Cicuta  nipponica,  Francli. 

— 

Cryptotaenia  japonica,  Hassk.            | 



— 

— 

— 



— 



Carum  neurophyllum  Fr.  et  Sav. 

_- 

— 

„        holopetalum,  Maxim. 

— 

* 

* 

Tanakae,  Pr.  et  Sav. 

* 

* 

* 

Chamaele  tenera  Miq. 



— 

— 

Aegopodium  alpestre. 





— 

„         Poda<i;raria  L. 

? 

Pimpinella  calyciua,  Maxim. 

__ 







___ 



— 

„         serra.  Fr.  et  Sav. 

* 

„         diversifolia,  DC. 

?  . 

— 

sp. 



— 

Nothosmyrniiim  japonicum,  Miq. 

— 



Slum  Ninsi,  L. 

— 

— 

— 

— 

,,     nipponicuu),  Maxim. 

— 

— 

— 



Œnanthe  stolonif.ira,  DC. 





— 

— 

— 



— 





„         benghalensis,  B.  et.  H. 





,,         linearis,  Wall. 



Seseli  Libanotis  Koch. 

__ 

_^ 

^_ 

^^ 

„      Tachiroei,  Fr.  et  Sav. 

^^ 

Cnidium  japonicum,  Miq. 

^^ 

^^ 

^„^ 

_^ 

^__ 

„       longeradiatum.  Max. 

^_ 

.m... 

__ 

„       ajanense,  Drde. 

,— 

^_ 

„       formosanum,  m. 
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Distributio  UmbelJiferarum  in  imperio  Japonico. 


Si  tciu=. 

t4 

S 

c  c 

3    . 

C  ai 

"c 

1 

3 

S 
c 

Lignsticum  scoticuui,  L. 

^^ 

__ 

^^ 

Ligiisticum  acutilobum,  S.  et  Z. 





„         japoniciim,  Maxim. 





., 

' 

,;         ibukiense,  m. 

^_ 

Cœlopleuruin  Gmelini,  Ledeli. 

___ 

■       ■  ! 

1 

Cenolopliiuiii  Fischeri  ? 

__ 

Conioselinum  univittatuin,  Turcz. 

__ 

_ 

__ 

Angelicn  anouialn,  Lallen. 

__ 

^_ 

*_ 

„         ursinn,  Maxiin. 

___ 

___ 

*_ 

„         réfracta,  Fl-.  Schuj. 

___ 

^_ 

,,         edulis,  Miyahc. 





— 

kiiisiaiia,  Maxim. 



__ 

..... 

__ 



— 

„         utilis,  Makino. 

__ 

__ 

,;         multisecta,  Maxim. 

^_ 

_^_  , 

„         pubescens,  Maxiui. 



__ 



„         polyclada,  Fr. 

— 

„         shikokiana,  Mnkino. 

-^            !      1 

nikoensis,  m. 

* 

1                            1 

saxicola,  Makino. 

„         Matsmmirœ,  m. 



sp. 



„         Florenti,  Fr.  et  Sav. 

* 

* 

,,          Miqneliana.,  Maxim. 



„         polymorpha,  MaxiDi. 

— 



— 

— 

— 

„         hakoiiensis,  Maxim. 



inœqnalis,  Maxim. 

___ 

^_ 

Phellopterns  litKiialis,  Fr.  Schm. 

^_ 

___ 

__ 

__ 



^_ 

. 

Peucedanum  japoniciim,  Thumb. 

__ 

__ 



___ 

_— 

„         decursivnm,  Maxim. 

__ 

__ 



^_ 

— 

„         terebinthaceum,  Fisch. 

_^_ 

„         multivittatum,  Maxim. 

* 

dutoideum,  Makino. 



— 

— 

,,    cartilagino-marginatum,  Mk. 

— 

—. 

Heracleum  lanatum,  Michx. 

""" 

^^ 

—" 

, 

*  In  montibus  altis  tantum  occiirit. 
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Distributio  specicruni  (juac  ciiin  Horiic  Jîijioiiicac  coiiinniiics  sunt. 


1 

»JEN'EKA. 

a. 

3 

a. 
en 

a:  5 

5 
'4. 

o 

•^ 
a 

s 

'£ 

B 

do 

o 

< 

II 
< 

1 

■P 

Hydrocotyle 

5 

1 

1 

2 

3 

i 

1 

Centella         

I 

I 

I 

1 

I 

1 

Saniciila         

2 

L 

1 

I 

I 

I 

I 

Anihriscus     

1  +  1? 

I 

I 

I 

1 

Osmorhizi     

1 

I 

I 

IZ^ 

Torilis    

1 

1 

I 

1 

■' 

1 

1 

Caucalis          

I 

I 

Pleurosperimiui 

1 

Biipleurnui    

4 

1 

1 

2 

1 

1 

1 

1 

Apiuiii     

2+1  c 

I 

1 

1 

Cioiiti     

2 

I 

1 

1 

1 

1 

1 

CryptotacMiia 

I 

1 

I 

lÄ 

Cam  in     ...      

3  +  1  c. 

2 

I 

^gopodium 

3 

1 

l+l 

1 

1 

Pimpinella    

4.  + I? 

•> 

I 

1 

Nothosrnyriiiinn 

1 

1 

Siiiiii        

•^  +  1? 

ii 

1 

Seseli      

2 

I 

Oenanthe       

3 

2 

3 

Cnidiuin 

4 

2 

1 

I 

1 

Ijigiisticnui 

4 

2 

1 

1 

I 

1 

1 

C'aeUipleuiuiJi         

I 

I 

I 

1 

1 

Ct'iiolophiuui         

I 

I 

Oonioselinum        

2 

I? 

I 

1 

Aiitcelica        

20 

I 

3 

Phfllo[)terns 

1 

1 

I 

1 

I'.-ncciluiiim 

r. 

3 

3 

'> 

1 

II.-iarl.Mllll      

I 

I 

I 

1 

1 

! 

1 

jScanilix            1.                    /I'orian 

(Iriiin      1. 

/Ooniiiin      1 

( 

Pi'troserninin      !. 

cJ  Fœnioulmii     1.               CTAneth 

Ulli 

1. 

Ay 

fM-nla 

1 

c.f 

I'a^l 

luacn 

1. 

.i  Ani'tnu 
^Siler  1.  ^Daiicii.s 


0.  spucioin  ciiltam,     ^  speciem  attiiieui  sij^nificat. 
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Index  nominnm  spscierum. 


Aegopodiuui  alpestre  Ledeb     

..     44 

„             podagraria  L 

..     44 

„             tenera  ni 

..     40 

Anethium  graveolens  L 

..     60 

Angelica  anomala  Lallem         

..     74 

„         daburica  Maxim         

..     76 

„         edulis  Miyabe     

..     77 

Florenti  Maxim         

..     80 

„         hakonensis  Maxiui    

..     89 

„         inaequalis  Maxiui       

..     90 

„         kiusiana  Maxim 

..     78 

„         Matsumurae  111 

..     85 

„         Miqueliana  Maxim    

..     87 

multisecta  Maxim     

..     80 

„          nikoensis  m 

..     84 

polyclada  Fr 

..     82 

„         polymorpba  Maxim 

..     88 

pubescens  Maxim      

..     83 

,,         rafracta  Fr.  Scbm     

..     76 

„         saxicola  Makino         

..     84 

„         shikokiana  Makiuo    

..     83 

SP 

..     86 

iirsina  Maxiui     

..     75 

„         utilis  Makino     

...    79 

Autbriscus  oerefolium  Hoffm 

...     23 

„           sylvestris  Hoffm    

..     22 

Apinm  graveolens  L 

...     34 

„       Ammi  Urb 

...     34 

„       Ikenoi  (Makino)  Drde 

..     36 

Bupleurum  falcatum  L 

..     30 

„          multinervis  DC.  var  minor 

..     33 

saclialinensis  Fr.  i^chm 

...     32 

triradiatum  var.  alpinum 

..     33 

€arum  Carvi  L 

..     41 

„       bolopetaliim  Maxim      

..     42 

„       neuropbyllum  Maxim 

..     41 

„       Tanakae  Fr.  et  Sav 

..     43 

Caucalis  scabra  Makino     

..     27 

Cenolopbium  Fiscberi  'i'urcz 

..     70 

Centella  asiatica  Url) 

..     16 

Cicuta  nipponica  Fr 

..     iiS 

„       virosa  L 

..     37 

Cnidium  ajanense  Drde    

..     62 

„         formosannm  m 

..     63 

„         japonicum  Miq 

..     00 

„         lonj^e-raiiatnm  Maxim     ... 

..     01 

■Coelopleurum  Guielini  Ludeb 

..     69 

Conioselinum  sp 72 

Coniseliunm  univittatuui      72 

Conium  maculatum  L 28 

Coriandrum  sativum  L.         ...      28 

Cryptotaenia  japonica  Hassk       ...      ...  39 

Daucns  Carota  li 103 

Ferula  communis    04 

Fœniciilnm  vulgare  Gaentn         ...     ...  59 

Heracleum  lanatnm  Micbx 101 

Hydrocotyle  confer  ta  Wigbt        12 

„            javanica  Tbiinb       10 

,,             ramiflora  Maxim     15 

„             rotnndifoli.i.  Maxim         ...  12 

„             Wilfordi  Maxim       14 

LignsticLim  acutilobiim  S.  et  Z 66 

„             ibiikiense  m ...  68 

„             japonica  Maxim        67 

scoticnm  L 64 

Nothosmyrnium  japonicum  Miq         ...  51 

Oenantbe  benghalensis  B.  et  H 56 

linearis  Wall        57 

.,          stolonifera  DC 54 

Osmorhiza  japonica  S.  et  Z 23 

Pastinaca  sativa  L 101 

Petroseliuum  sativum  Hoiîm       30 

Peucedanum      cartilaginomarginatimi 

Makino 10 

Peucedanum  decursivum  Maxim        ...  96 

deltoideum  Makino        ...  99 

,,             japonicum  Thunb 95 

„             multivittatum  Maxim   ...  98 

terebintbaceum  Fisch  ...  97 

Phellopterus  littoralis  Fr.  Scbm         ...  93 

Pimpinella  calycina  Maxim 48 

„             diversifolia  DC 49 

„            serra  Fr.  et  Sav 49 

„            magna  L 50 

Pleurospermum  austriacum  Hoffm     ...  29 

Sanicnla  europœa  L 19 

„        satsumana  Maxim 20 

Scandix  pecten-veneris  L 23 

Seseli  Libanotis  Koch    58 

Tacbiroei  Fr.  et  Sav 59 

Siler  divaricatum    103 

Sum  Ninsi  L 52 

.,      nipponicum  Maxim      53 

Turilis  Antbrisous  Gmel       25 


lOH 
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Fig.    1.  Hv'lrocotvlo  WilfoixH  AJaxiui. 
2.  „  lîonferta  Wiglit. 

:î.  „  rotundifolia  Roxh. 

4.  Centellii  asiatica  Urb. 

5.  Sanioiila  eiiropn«a  J,. 

6.  Caucalis  .scal)ra  Makino. 

7.  Torilis  anlbriscns  Bei-nh. 

8.  Osmorhiza  japonica  S.  et  Z. 

9.  Anthrisciis  sylvestris  HofFui. 

10.  Pleurosperiimni  austriacnm  Hoffm. 

11.  Hnplouruui  saclialinéiise  Fr.  Sohui. 
!•_'.  B.  falcatntii  Tj. 

13.  B.  luultinervis  DO.  var  tiiinor  Ledeb. 

14.  Apiuiji  ainuii  UrVi. 

15.  A.  (Apodicarpnni)  Ikenoi  Makino. 

16.  Cryptotaenia  japonica  Hassk. 

17.  Ciciita  vi  rosa  L. 

18.  Carum  Tanakae  Fr.  et  Sav. 

19.  C.  neuropliyllum  Maxim. 

20.  C.  holopetalum  Maxim. 

21.  Aegopodium  alpestre  Ledeb. 

22.  Chauiale  ten  era  Miq. 
23. 

24.  Piijipinella  diversifolia  Dc. 

25.  P.  calycina  Maxim. 

26.  Sium  nipponiciim  Maxim. 

27.  Notliosinyrniiim  japonicum  Miq. 

28.  Oenanthe  btolonifera  DC. 

29.  Oenautbe  Ipenj^haleusis  B.  et  H. 

30.  Seseli  Libanotis  L. 

31.  Fœniculum  vulyfare  L. 

32.  Anetbum  graveolens  L. 

33.  <;nidium  japonicum  Miq. 


V<ff.  34.  Cnidium  formosanuui  in. 

35.  ,,         ajanense  Drude. 

36.  Coelopleurum  Gmelini  Ledeb. 

37.  Ligustiouni  japonicum  Maxim. 

38.  „  .scoticum  L. 

39:  „  acutilobum  S.  et  Z. 

40.  „  ibukiense  m. 

41.  Cenolophium  Fiscberi  Turcz. 

42.  Conioselinum  univittatum  'J'unjz. 

43.  AuseliC'i  pubescens  Maxim,  var. 

44.  A.  ^Nlatsumunu!  m. 

45.  A.  sbikokiana  Makino. 

46.  A.  nikoensis  m. 

47.  A.  Florenti  Maxim. 

48.  A.  auomala  Lallen. 

49.  A.  pubescens  Maxim. 

50.  A.  kiusiaiia  Maxim. 

51.  A.  utilis  Makino. 

52.  A.  hakonensis  Maxim. 

53.  A.  ursina  Maxim. 

54.  A.  inœqualis  Maxim. 

55.  A.  edulis  Miyabe. 

56.  A.  Miqueliana  Maxim. 

57.  A.  Polymorplia  Maxim. 

58.  Phelloptcrus  littoralis  Fr.  Scbm. 

59.  Peucedanum  decursivum  Maxim. 

60.  Peucedanum  cartilagiuomarüfinatuui. 

Makino. 

61.  P.  japonicum  Miq. 

62.  P.  tei-ebintliaceuui  Fiscb. 

63.  P.  deltoideum  Makino. 
6*.  Ferula  communis  L. 

66.  Heracleum  lanatum  Micbx. 

67.  Peucedanum  uiultivittatum  Maxim. 
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JOURNAL  OP  THE  COLLEGE  OF  SCIENCE,  IMPERIAL  UNIVERSITY. 
TOKYO,  JAPAN. 

VOL.   XVI.,   ARTICLE  5. 


Revisio  Alni  Specierum  Japonicarum. 

Auctore 

Dr.  J.  MATSÜMURA, 

in  Universitate  imperiali  Tokyoeiisi  botanices  Professor. 


Cum  tahidis  4. 


A  In  US    Tourne)'. 

§   1.     Alnaster  Eiidl. 

1.    Alnus  viridis,  DC.  var.  sibirica,  ^^^g^^^  ii^  DC.  Prodr. 

XVI.  2.  p.  182  ;  Fr.  et  Sav.  Enimi.  PI.  Jap.  I.  p.  456  ;  Miyabe,  FJ. 
Kurile  Isl.  p.  259  :  Herd.  PI.  Radd.  in  Act.  Hort.  Petrop.  XII. 
p.  70. 

Alnaster  fmiicoms,    Ledeb.    Fi.    Ross.    III.    p.    655  ;   Regel  et 

Tiling,    Fl.    Ajan.    p.    119  ;   Trautv.  in   Maxim.    Prim.   Fl. 

Amm-.  p.  257;  Fr.   Schm.  Fl.   Sachal.  p.  175. 

Alnm    viridis    lus.    a  et    c,    et    y.    smiveolens,    Regel,    Monogr. 

Retiil.  p.   79-81  ;   Regel,  Bemerk,  p.  422. 

Arbor     10-pedalis  ;     truncus    circuitu    2-ped.     Ramiili    angulati 

glabri,  cortice    griseo  vel    brunneo    lenticellis    oblongo-ellipticis    vel 
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subrotundîitis  instriictü.  Folia  ovalia  vel  oblongo-elliptica  acuta,  basi 
oblique  subcordata  subsimpliciter  arguteque  dentata,  supra  glabra 
.subtus  glutinoso-punctulata,  in  axillis  venarum  pubescentia,  ad  veiiain 
inediam  glabra  vel  parce  liirtella  ;  juvenilia  glutinosa,  «ubtus  ad 
venam  mediani  petiolumque  punctulata.  8ti])uL'ie  elliptico-oblongae 
glabrae.  Amenta  feminea  plerumque  4,  in  racenios  disposita  ; 
j^edunculi  hirtelli  punctulatique.  Strobili  ellipsoidei.  Nuculae  ellipticae 
pallidae  ala  membranacea  cinctae,  alis  .sursuni  latioribus  nuculae 
latitudinem  subaequantibus  vel  iis  duplo  triplove  angustioribus. 

Folia  supp.  maxima  9i  cm.  longa,  9  cm.  lata.  Petioli.  25  mm. 
longi.  Strobili  9-15  mm.  iongi,  (5  mm.  iati.  Nuculae  alis  inclusis  2-3 
mm.   loncrae,  3  mm.  latae. 

Hab.  in  regionibus  alpinis — 

lùtrilc  :  ins.  Urupp,  loco  Perikamoi  dicto  leg.  \\.  Ucliida 
anno   1891. 

Yezo  :  jn-ov  Isliikari,  ad  Sapporo  leg.  Y.  Tokubuclii  anno  1892  ; 
Jözankei  c^usdem  prov.  (ipse)  anno  1899  ;  prov.  Shiribeslii,  loco 
Okusbiri  dicto  leg.  K.  Miyabe  et  Y.  Tokubuchi  anno  1890  ;  prov. 
Ojima,  Fukuyama  leg.  K.  Miyabe  et  Y".  Tokubuchi  anno  1890  ; 
Morolan  ejusdem  prov.  (ip«e)  anno  1899  ;  monte  Komagatake 
ejusdem  prov.  leg.  IL  Yatabe  anno  1877. 

Hondo:  prov,  Mutsu,  ])rope  Aomori  \eg.  T.  Iwakawa  anno  1880; 
prov.  Ugo,  monte  Chökaisan  leg.  S.  Okubo  et  R.  Yatabe  anno  1887  ; 
prov.  Uzen,  monte  Gassan  leg.  S.  Okubo  et  R.  Yatabe  anno  1887  ; 
prov.  Iwashiro,  prope  Aizu  leg.  R.  Yatabe  et  (ipse)  anno  1879  ; 
prov.  Shimotsuke,  montibus  Nantaisan  et  Shiranesan  (ipse)  anno 
1885  ;  prov.  Rikuzen,  monte  Kattadake  leg.  Y.  Yabe  anno  1898  ; 
prov.  Suruga,  monte  Fuji  leg.  R.  Yatabe  et  (ipse)  anno  1881  ;  prov. 
Etchü,  monte  Tateyama  leg.  R.  Yatabe;  et  (ipse)  anno  1884. 
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2.    Alnus  Sieboldiana,  Nob. 

Alnus  ßniia,  Sieb,  et  Zucc.  FI.  Jap.  Fam.  Nat.  II.  p.  229  ; 
Regel,  Monog-r.  lîetul.  p.  84,  t.  XV.  fig.  1-9  ;  Miq.  Prol.  p.  69 
(pro  parte). 

Alnus  firma,  var.  a.  !>/picci,  Kegel  in  DC.  Prodr.  XVI.  2.  p.  183; 
Regel  Bemerk,  p.  42o  ;  Fr.  et  Sav.  Eniim.  FI.  Jap.  I.  p.  457  ; 
Prantl  in  Engl,  et  Prantl,  Nat.  Pflanzenf.  III.  Teil,  I.  abteil.  p.  45 
(pro  parte). 

Arbor  usque  10-pedalis.  Ramuli  glabri  vel  subverrucosi,  cortice 
griseo  lenticellis  rotundatis  instructo.  Gemmae  ovoideae,  sessiles  vel 
substipitatae,  stitipitibus  verrucosis.  Folia  late  ovata  acuminata,  basi 
oblique  rotundata,  supra  glabra  vel  glabriuscla  sub  lente  inter  costas 
secundarias  parce  adpresseque  strigillosa,  subtus  ad  venas  hirtella  vel 
pilosula  vel  glabro-punctulata,  in  axillis  venarum  barbulata,  inaequa- 
liter  dentata,  utrihque  14-15  costata;petioli  subglabri.  Stipulae  oblongae 
glabrae.  Amenta  feminea  e  gemma  singula  solitaria  ;  pednnculi  plus 
minus  hirtello-verrucosi  ;  fructiferi  saepius  glabri.  Amenta  mascula 
0-6  lateralia  rarius  terminalia  secus  ramulos  in  racemos  disposita. 
Squamae  tl.  mas.  ovales  subacutae  apice  emarginulatae,  margine 
nudae,  utrinque  punctulatae,  3 -florae,  3-bracteolatae,  bracteolisellipticis 
vel  oblongis  obtusissimis.  Flores  4-andrae.  Perianthium  4-partitum  ; 
segmenta  inaequalia,  2  anterioribus  ovalibus,  2  posterioribus  oblongo- 
ellipticis,  denticulatis  glanduliferis  enervis.  Antherae  flavescentes, 
ovales  vel  late  ellipticae,  thecis  sejunctis  ;  tilamenta  perianthii 
segmenta  subsuperantia.  Strobili  ellipsoidei,  subglobosi.  Squamae 
juveniles  oblongo-cuneatae  ;  adultae  cuneatae  versus  basin  attenuatae, 
intus  5-sulcatae.  Nuculae  pallidae  subrhomboideae  ala  membranacea 
cinctae,  alis  sursum  latioribus  nuculae  latitudinem  subaequantibus  vel 
iis  latioribus. 

Foliorum  lamina  supp.  maxima  12^  cm.  longa,  usque  8  cm.  lata. 
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Petioli  15-20  mm.  lonj^i.  Stipulac  21  mm.  loiigae,  (5  mm.  l;itac. 
Strobili  26  mm.  longi,  15  mm.  lati  ;  pedunculi  12-27  mm.  longi. 
Squamae  8  mm.  longae,  (>  mm.  latae.  Nuculae  vix  \  mm.  longae. 
Amenta  mascula  o-G  cm.  longti,  11.  mm.  lata. 

Hall,   ill   maritimis  ad  meridiem — 

Hohdü  ;  ])rov.  Musaslii,  pago  Koyasu  dicto  leg.  T.  Makino 
anno  1895  ;  prov.  Sagami,  ad  Yokosuka  (ipse)  anno  1880  ;  jugo 
Hakone  (ipse)  ;  ad  Misaki  et  Arai  ejusdem  prov.  leg.  Y.  Yabe  anno 
1998  ;  prov.  Izu,  ad  Shimoda  leg.  K.  Saida  anno  1886  ;  in  pago 
Tani  dicto  leg.  S  Okubo  anno  1883  ;  ins.  Oshima  et  Közu,  et 
monte  Mihara  ejusdem  prov.  leg.  S.  Okubo  anno  1887  ;  ad  Yuga- 
shima  ejusdem  prov.  leg.  C,  Ovvatari  anno  1895. 

■5.    Alnus  Yasha,  Xob. 

Alniis  Jinua,    Sieb,  et   Zucc.   FI.  Jap.    Fam.  Nat.   II.  p.  229  ; 
Regel  in  DC.  Prodr.  XVI.  2,  p.   183;   Regel,  Bemerk,  p. 
p.  423  ;  Fr.  et  Sav.  Enum.  PI  Jap.  I.  p.  457  (pro  parte). 
Alnus    finna,    var.    liirtella,    Fr.    et   Sav.   1.    c.    et  IL    p.   502 

(pro  parte.) 
Almis  hannolîi,  Sieb.   Syn.    Pi.   Oeconom.  p.  25. 
Betula  Alnus,  Thunb.  FI  Jap.  ]).  7G. 

Oha-minebari,  Sömoku-zusetsu,  Arb.  ined.  \ll.  t.  83 
(figura  mala). 
Arbor  usque  10-pedalis.  Ramuli  juveniles  dense  liirtelli  ;  adulti 
glabri,  cortice  brunneo  vel  griseo-brunneo.  Gemmae  ovoideae  acutae 
glabrae.  Folia  ovato-vel  oblongo-lanceolata  acuta,  basi  oblique  subro- 
tundata  vel  acuta,  suprn  inter  costas  secundarias  adpresse  strigillosa, 
subtus  ad  venas  médias  secundariasque  hirtella  interdum  in  axillis 
venarum  barbulata,  punctulata  glutinosa  vel  epunctata,  subinae- 
qualiter  minuteque  dentata,  utrinque   14-17-costata  ;    petioli    semper 
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liirtelli.  Stipulée  ovatae  vel  obloiig-ae,  siibcordatae  glabrae, 
petiolos  superantes.  Amenta  iiiascnla  termiiialiu.  Squamae  fl. 
m;is.  ovales  vel.  late  ovatae  obtusae,  margiiie  ciliolatae,  triflorae, 
2-o-bracteolatîie,  bracteolis  obovato-ellipticis  vel  ovalibus,  apice 
emarginatis  ciliolatis.  Flores  5-6-andrae.  IVrigonium  4-5-partitum, 
segmentis  inaeqnalibus,  ellipticis  obtiisis.  obovato-ovalibus, 
rotuiidato-cuinieatis  retiisis  prominente  nervosis,  margine  glandu- 
iiferis.  Antherae  flavescentes,  late  ovales  ;  filamenta  perLanthii 
segmenta  aequantia.  Strobili  ellipsoidei  vel  oblongi,  ad 
ramulos  subterminales,  solitarii  vel  sabracemosi  ;  squamae  rite 
cuneatae  retusae,  intus  4-costatae.  Xuculae  ellipticae  utrinque  acutae 
ala  raembranacea  cinctae,  alis  sursum  ampliatis.  Pedunculi  fructiferi 
hirtello-verrucosi  vel  subglabri.  Foliorum  lamina  lU  em.  longa, 
4è  cm.  lata.  Petioli  7-15  mm.  longi.  Pedunculi  23  mm.  longi. 
Squamae  fl.  mas.  2  mm.  latae.  Strobili  lG-25  mm.  longi,  15  mm. 
lati.  Squamae  strobilorum  5-7  mm.  longae,  5  mm.  latae.  Nucnlae 
3  mm.  longae  et  latae. 

Hah.  in  sylvis  montanis  ad  septentrionem — ■ 

Hondo  :  pro  v.  Rikuzen,  monte  Kattadake  leg.  K.  Miyajima 
anno  1894  ;  prov.  Iwasliiro.  in  tractn  Aizu  leg.  K.  Yatabe  et  (ipse) 
anno  1879  ;  prov.  Iwaki,  loco  Tomioka  dicto  leg.  S.  Ikeno  ;  prov. 
Shimotsuke,  in  montibus  Mkko  leg.  K.  Sawada  et  K.  Yatabe  anno 
1879  ;  prov.  Musashi,  in  tractu  Chichibu  leg.  (ipse)  anno  1878  ; 
prov.  Shinano,  monte  Asama  leg.  R.  Yatabe  et  (ipse)  anno  1880 
et  Y.  Yabe  anno  1896  ;  prov.  Hitachi,  monte  Hanazono  leg. 
(ipse)  ;  prov.  Sagami,  in  tractu  Hakone  leg.  II.  Yatabe  et  (ipse)  anno 
1881  ;  prov.  Kawachi,  monte  Kongôsan  leg.  T.  Tada  anno  1899. 

Shikohi  :   prov.  Tosa,  monte  Yahazu  leg.  T.  Makino  anno   1888. 

Kiiishitt  :     prov.    Hvuga.    monte    Fvirishima    leg.     R.    \  atabe    et 
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(ipse)  anno  1882  ;  ]jrov.  Idigo,  monte  Aso  leg.  Y.  Yalje  auno   1901  ; 
prov.  Osunii  (sec.  Tanaka*). 

J-    Alnus  pendula,  Xob. 

Almis  j'uiiia,    var,   iiiiiltifwrns,   Kegel  in  DC.  Prodr.  XVI.  2,  p. 

18H;   Regel  Bemerk,  p.  423;  Miq.    Prol.    p.    358;  Fr.   et 

Snv.  Enum.  PI.  Ja]).  T.  ]).  457  (pro  parte). 

Miuchdri,  Sômokii-ziisetsu,  Arl).  ined.  VII.  v.  7Î). 

Arbor  })arva.    dumosa,    7-8-pedali8.     I» amid i    juveniles    hirtelli, 

cortice     brunneo  -  niirricanti      lenticellis     (jblon^is,      linearibus      vel 

subrotundatis     instrncto.     <T(nnmae  ovoideae    acutae   glabrae.     Folia 

oblongo-lanceolata       acuminata       vel       ovato-oblonga     acuta,       basi 

subobliqua     vulgo    acuta    rarius     subrotundata,     supra     inter   costas 

secundaria«    adpresse    strigillosa,     subtus    ad     venas    médias    secun- 

dariasque     liirtella,     inaequaliter     dentata,     utrinque     lo-27-costata, 

reticulis   interjectis   subprominulis   vel   obscuris,    in   axillis   venarum 

barbulata,     glutinosa  ;     petioli     hirtelli.        Stipulae    oblongo-Jineares 

oblongae  subacutae  vel  obtusae  jjetiolos  superantes.     Amenta  mascula 

Amenta  feminea  terminalia  lateraliave  e  o'emma  siniifula  2-5  in 

racemos  disposita  ;  racemus  pendulus  ;  pedunculi  graciles  sursum  sub- 
quadrangulares  hirtelli.  Strobili  parvi  ellipsoidei.  Squamae  cuinei- 
formes  intus  extusque  sursum  tomentosae,  postice  4-costatae.  Nuculae 
pallidas  ellipticae  vel  obovato-ellipticae  utrinque  acutae  glabrae,  ala 
membranacea  cinctae,  alis  sui-snm  aiupliatis  retusis  ncI  (^l)C()rdatis 
nuculae  latitudinem  subaequantiljus.  Foliorum  lamina  12  cm.  longa, 
4  cni.  lata.  Petioli  2-8  mm.  longi.  llacemi  0-65-  cm.  longi.  Pedunculi 
10-23  mm.  longi.  Strobili  (i-M  mm.  longi,  8-9  mm.  lati.  Nuculae  3 
mm.  longae,  sui-sinn  alis  inchisis  vix  .')  mm.  latae,  Scjuamac  3  mm. 
longae,  5  mm.  latae. 


Dai-Nippon  Sliokubutsu-tai  Chösa-Hökoku,  1885,  p.  IS). 
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Hah.  in  regionibus  subalpinis,  vulgo  ud  margines  rivulorum — 
Yezo  :  prov.  Ojima,  loco  Yoshioka-sandô  dicto  leg.  K.  Miyabe  et 

Y.  Tokubuchi  anno  1890  ;  prov.  Isliikari,  loco  Jözankei   dicto   (ipse) 

anno  1891)  ;  prov.  Sliiribeshi  (sec.  Sugiyama.) 

Honda  :   prov.   Miitsu,  planis  Tokiwano  dictis  leg.  T.   Iwakawa 

anno   1880  ;   prov.  Uzen,  loco  inter  montes  Gassan  et  Hagurosan  leg. 

S.  Okubo  et  K.  Yatabe  anno  1887  ;  prov.  Rikiizen,  regione  montana 

Acne  dicta  \ei^.  K.  Miyajima  anno  1894  ;  prov.   Echigo,  monte  Gozu 

et   pago   Deyumura   leg.    S.   Okabo  et  E.   Yatabe  anno  1 886  ;  prov. 

Kaga,  ad  pedeni  montis   Hakusan  leg.  R.  Yatabe  et  (ipse)  anno  1881. 

§  2.      (Ti/iiinolln/rsus  Spach. 

ô.    Alnus  maritima,  Nutt.  Sylv.  Am.  Snppl.  I.  p.  34.  t. 

10.  var.  japonica  Regel  in  DC.  Frodr.  XVI.  2,  p.  186  ;  Regel 
Bemerk,  p.  428  ;  Miq.  Prol.  p.  358  ;  Fr.  et  Sav.  Enum.  FI.  Jap.  I. 
p.  457  ;  Burkill  in  Jonrn.  Linn.  Soc.  Bot.  XXVI.  p.  500  ;  Falib. 
Consp.  FI.  Kor.  II.  p.  48. 

Alnus   niaritiina,   var.   (injuki,    Regel  in  DC.  Frodr.  XVI.  2.  p. 
186  ;   Regel  Bemerk,  p.  428  ;   Fr.  et  Saw.  Enum.    FI.    Jap. 
I.  p.  458  ;  Herd,  in  Act.  Hort.   Fetrop.  XII.  p.  73. 
Alnus  maritima^  var.  minor,  Miq.  Frol.  p.  358. 
Alnus  japonica,  Sieb,  et  Zucc.  FI.  Jap.  Fam.  X^at.   II.    p.    230  ; 
Regel,  Monogr.  Betul.  p.  85,  t.  16,  lig.  22-27  ;  Miq.   Frol. 
p.    69  ;  Sarg.   Forest  Fl.   Jap.   p.    63,   pi.  20  ;   Shirasawa, 
Nippon  Shinrin  Jumoku-zufu,  t.  19,  lig.  18-34. 
Alnus  japonica,  var.  minor,  Miq.  Frol.  p.  69. 
Harinold  vel  Han-no-lci,  Sômoku-zusetsu,  Arlj.  ined.  VIL  t.  75. 
Arbor  magna  usque  20-30-pedalis  alta  ;  truncus  circuitu  6-7-ped. 
Ramuli  juveniles  angulati  glabri  vel  puberuli.      Folia  longe  petiolata, 
elliptico-oblonga,  oblongn  acuta  saepe  obtusa,  basi  acuta  vel  subrotun- 
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datii,  supra  ,u;l;il)r:i  vcl  j);irce  jhiIrtiiIü.  utriiicjue  punctuluta  vel  rarius 
epunctata.  in  venaruiii  axillis  barhiilata  vel  nuda,  margine  subun- 
dulata  7niiiut('  arguk'qiic  scrrata  ;  pctioli  glabri  vel  pubescentes. 
Ameuta  lua.scida  tenniiialia,  l-()  stibraoemosa,  foliis  praecociora. 
Amenta  leminea  '2-{>  secus  nuniilos  in  racemos  disposita.  Strobili 
ellipsoidei  vel  ovoideo-ellipsoidci  interdinn  subglobosi.  ISquamae 
fiabellato-ciineatae  intus  miilticostatae.  Nucalae  fuscae  suborbiculares 
vel  obovatoellipticac  glabrae  rarius  pubescentes,  a  la  angustissima 
cinctae. 

Strobili  15-*^o  nmi.  longi,  lU-lô  mm.  lati.  8(piamae  (i-7  mm. 
longae,  0-8  mm.  latae.  Nuculae  o-5  mm.  longae,  o-3|  mm.  latae. 

Hab.  in  bumidis  planis— 

Yczo  :  prov.  Ishikari,  circa  urbem  Sapporo  leg.  K.  Miyabe  et.  Y 
Tokubuclii  anno  1891  ;  loco  non  indicato  leg.  ]^)oebmer  et  S.  Hori  ; 
ad  pedem  montis  Moiwa  (ipse)  anno  1890  ;  prov.  Ojima,  prope 
Hakodate  leg.  K.  Vatabe  anno  1S77. 

Hondo:  prov.  AJutsu,  planis  Takiwano  dictis  leg.  T.  Iwakawa 
anno  1880  ;  pago  Kawaguelii  prope  Awomori  \eg.  H.  Sbirasawa  ; 
prov.  Iwashiro,  tractu  Aizu  \eg.  U.  Yatabe  et  (ipse)  anno  1879  ; 
prov.  Hitachi,  ad  pedem  montis  Tsiikuba  leg.  C.  Öwatari  anno  1895  ; 
prov.  Musashi.  circa  nrbem  Tokyo  (ipse)  anno  1879  ;  prov.  Saf»-ami, 
ad  Yokosuka  (ipse)  anno  1880  ;  prov.  Izumi,  monte  Üsbitakisan 
leg.  S.  Matsuda  anno  1895. 

Kiushlu  :   prov.  C'bikuzen,  leg.  K.  Nagano. 

var.  formosana,  iMirkill  in  .lourn.  Linn.  Soc.  Bot.  XXVI. 
p.  500. 

Alnus  maritima,  \"m\  japonica,  lî.egel  in  DC.  l*rodr.  XVI.   2,   p. 
18()  (pro  parte). 
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Ablas  niaritiiiia,  lleiirv  in  Trans.  Asiat.  Soc.  Jap.  XXIV. 
Suppl.  ]).  1)0. 

Hamuli  angLilati  piiiictulati,  cortice  cinereo-fusco  lenticellis 
rotundatis  vel  ellipticis  instructo.  Folia  elliptica  oblonga  vel  oblongo- 
lanceolata  obtusa,  acuta  vel  acuminata,  basi  plerumque  acuta  rarius 
subrotundata.  utrinque  glabra  punctulata,  margine  minute  serrata. 
Amenta  in  ramis  foliiferis  coaetanea  producta.  Amenta  inascula  2-5. 
Strobili  ellipsoidei,  '2-6  in  racemos  dispositi.  Squamae  intus  multi- 
costatae.  Naculae  fuscae,  ellipticae,  rhomboideae,  ala  angustissima 
coriacea  maro:inatae. 

Foliorum  lamina  1:^  cm.  longa,  5i  cm.  lata.  Strobili  18  mm. 
longi,  10  yiin.  lati.  Squamae  4  mm.  longae  et  latae.  Nuculae  8  mm. 
longae,  2  mm.  latae. 

Hah.  in  Formosa  :  loco  Shinkanshô  dicto  leg.  C.  Owatari  anno 
1897  ;  loco  Shincliik  dicto  leg.  Hiraoka  anno  1897  ;  loco  non 
indicato  le«'.  S.  Honda,  Konishi  et  Yae  ;  tractu  Gilanchoo  le«;'.  K. 
Miyake  anno  1899. 

Nom.  Sinico-Formos.  tsui-koo-ah  (7jC;{^ff  )  v.  shui-lyü-hoh  (7jCöK^). 

6.     AlnUS  glutinosa,    Willd.    Sp.    PI.    IV.    pars    l,  p.  334, 

var  japonica,  Nob. 

Alnus  (jlutinosa,  Miq.  Prol.  p.  69. 

Alnus   marit'nim,    var.    nj)tusata.    Fr.    et     Sav.  Eniim.  PI.  Jap.  f 

p.  458. 
Mclidnnokï,  Sömoku-zusetsu,  Arb.  ined.  VII.  t.  77. 
Arbor  parva.  Rami  glabri,  cortice  cinereo-fusco  lenticellis 
rotundatis  prominulis  instructo.  Ramuli  juveniles  glutinosi  saepe 
verrucosi.  Folia  obovato-elliptica  obtusissima  mucronulata  rarius 
acuta  vel  emarginata,  basi  acuta  vel  rotundata,  margine  subundulata 
minutissime  denticulata,  supra  glabra,  subtus  in  venarum  axillis  barbu- 
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lata  vcl  ad  venas  puberula,  utrinque  G-10-costata,  oostis  suberecto- 
patentibus  ;  juvenilia  glutinosa.  Stipulae  ampliatae  ellipticae,  obtusae. 
Strobili  adiilti  ellipsoidei  ;  juveniles  oblongi,  2-4  in  racemo«  dispositi. 
Squamae  spatulatae,  abrupte  angustatae  ([uasi  stipitatae  intus 
4-co.statae.  Nuculae  fuscae,  rotundatae  vel  obovatae  saepe  verrucosae, 
ala  angustissima  niarginatae.  Foliorum  lamina  maxima  lU  cm.  longa, 
8-9  cm.  lata.  IVtioli  vix  \h  cm.  longi.  Squamae  H  mm.  longae,  vix 
3  mm.  latae. 

Hah.  in  i-egionibus  planis  et  snbmontosis,  \'ulgo  ad  margines 
fluminum,  ad  meridiem — 

Hondo  :  prov.  Etchn,  ad  pedem  montis  Tateyama  leg.  R.  Yatabe 
et  (ipse)  anno  1884  ;  prov.  Shinano,  ad  pedem  montis  Togakushi  leg. 
R.  Yatabe  et  (ipse)^anno  1884  ;  prov.  Yamato,  ad  margines  fluminis 
Yamato  leg.  S.  Ökubo  et  (ipse)  anno  1883  :  prov.  Yamashiro  leg. 
T.  Makino  anno  181)4. 

Shikoku  :  prov.  lyo,  tractu  Kami-ukina  leg.  H.  Shirasawa  anno 
1897  ;  prov.  Tosa  leg.  Iv.  Yatabe  anno  1887  :  pago  Ökubo  ejusdem 
prov.   leg.  1».  Yatabe  anno  1887. 

V .    Alnus  incana,  Willd.  Sp.  Pi.  I\ .  p.  335.  var.  glauca, 

Ait.  Hort.  Kew.  ed.  2,  p.  25Î)  ;  Willd.  I.e.  p.  335  ;  Kegel,  Monogr. 
p.  96,  t.  l(j.  fig.  19-20  ;  Kegel  in  DC.  Prodr.  XVI.  ]).  189  ;  Regel, 
Bemerk,  p.  433  ;  Miq.  Cat.  Mus.  Bot.  Lugd.-Bat.  p.  84  ;  Fr.  et  Sav. 
Enum.  PL  Jap.  I.  ]).  458  ;   Palib.  Consp.  Fl.  Kor.  IL  p.  48. 

Alnus  incana,  var.  uhihrcscens,  Spacli,  Kev.  Betul.  p.  200. 
AlnvH    incana,    vai-.    liirsiUa,    Miq.    Prol.    p.    ()9  ;   Miyabe,    Fl. 
Kurile   Isl.    p.    259  ;   Matswdaira    in   Tokyo    Bot.    Mag.    X. 
p.  4G9. 
Yama-hannoh,    Sömoku-zusetsu,   Arb.   ined.    VII.   t.    81  ;    H. 
Shirasawa,  Nippon  Shinrin  Jumoku-zut'u,  t.  19,  tig.  1-17. 
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Arbor  inagria  ultra  10-peclalis  ;  tmiicus  circuitii  ô-G  ped.  nietieris. 
lîamuli  aiigulati  glabri,  cortice  fusco  vel  cinerco-fnsco  lenticellis 
rotunclatis  ellipticis  vel  oblongis  instructo  ;  l'aiiiiili  annotini  saepius 
])iibescentes.  Gemmae  obovoideo-ellijisoideac  vel  subglobosae  .saepius 
pubescentes.  Folia  laete  viridia  ambitu  rotundata.  late  elliptica,  apice 
rotundata  obtusa  vel  acuta,  ba.si  rotundata,  sidjcordata  retusa  vel 
oblique  subacuta,  margine  duplicato-serrata  vel  dentata  vel  lobulata  ; 
juvenilia  tomentosa,  adulta  supra  glabrescentia  vel  pilosula,  subtus 
pubescentia,  ])uberula  vel  glabrescentia,  glauca  punctulata,  vel  ad 
venas  pubescentia  rarius  in  venaruni  axillis  barbulata.  Stipulae 
ellipticae  oblongae  obtusae  vel  subacutae,  glabrescentes  vel  puberulae. 
Strobili  ellipsoidei  vel  <3voideo-ellipsoidei,  '2-b  in  racemos  dispositi. 
Squamae  flabellato-cuneatae  intus  4-costatae.  Nuculae  fuscae,  late 
obovato-ellipticae  vel  ellipticocuneatae,  ala  angustissima  coriacea 
cinctae. 

Folioruni  lamina  usque  9i  cm.  longa,  IH  cm.  lata.  Petioli 
^w   cm.    loni>i.  Strobili  2()  mm.   lonoi.   ]  :->  mm.  lati.      Xuculae  4  mm. 

O  O 

longae  et  latae. 

llab.    in    regionibus   montosis,    vulgo    liumidis    vel   ad   mariJ^ines 


b' 


Huminis- 


Yezo  :  Kurile,  ins.  Sliikotan  leg.  T.  Kitabara  ;  prov.  ishikari, 
pago  Hiragislii  prope  Sapporo  (ipse)  anno  1899. 

Hondo:  ])rov.  Mutsu,  ])ago  Kurauchi-mura  leg.  H.  Sliirasawa 
anno  1895  ;  ])rov.  Kikuzen  loco  Öban-daira  dicto  leg.  Y.  Yatabe 
anno  1898  ;  prov.  Shinano  monte  Togakushi  leg.  R.  Yatabe  et  (ipse) 
anno  1884  ;  prov.  Suruga  monte  Fuji  (ipse)  anno  1881  ;  prov. 
Sliimotsuke  montibus  Xikkö  (ipse)  anno  1889  ;  Shiobara  ejusdem 
prov.  (ipse)  anno  1891  ;  prov.  Musashi  (ipse)  anno  1893  ;  prov. 
Sagami.  Yokosuka  (ipse)  anno  1880. 
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Shikoku  :  pruv  i'o.sa,  Minute  luironiori  \vjj;.  I».  ^  atube  iinrio 
18(SS  ;   prov.  [vo  ;   ju'ov.  Aavu  (sec  'I.  Tîniakii*). 

var.  hirsuta,  ^[»aciu  Ivcv.  lU'tuJ.  p.  '207  ;  Ledel).  FI.  Ross. 
III.  p.  ()5G  ;  Trautv.  in  Maxim,  rriin.  FI.  Aiinir.  p.  1^58  ;  Uegel, 
Monoi^n-.  ]).  i)7  ;   Kegel.  Bemerk,  p.  4oo  ;    Regel  in  DC.   Prodr.    XVI. 

l^  [).  is!). 

Ramuli  subteres  tomentosi  :  rami  glabrescentes,  cortice  cinereo- 
fusco  lenticellis  rotundatis  prouiinulis  instructo.  Gemmae  obovoideo- 
ellipsoideae  vel  ovoideae  utrinque  subacutae,  viscosae.  Folia  pallide 
viridia,  siccitate  ferrugineo-fascentia,  plerumque  subrotundata  vel 
eliiptica,  oljtusa  vel  acutiuscula,  basi  oblique  rotundata  vel  subacuta, 
daplicato-dentata,  supra  parce  îidpresso-subpilosula  vel  subpuberula 
vel  glabrescentia,  subtus  tomentosji,  utrinque  9-11-costata,  costis 
suberecto-patentibus  ;  petioli  tomentosi.  Strobili  ellipsoidei  vel 
oblongi,  .')-4  in  racemos  dispositi.  Squamae  intns  4-costatae. 
Nuculae  fnscae  ellipticae,  ala  angustissima  marginatae. 

Foliorum  lamina  8|  cm.  longa  et  lata  (in  forma  parvifolia  in 
Hondo  lecta,  4^  cm.  longa  et  lata).  Strobili  5-19  mm.  longi,  7-8 
mm.  lati. 

Hah.  in  regionibus  montiiosis,  ad  septentrionem — 

Yezo  :  prov.  Ishikari,  loco  Tsukisapp  dicto  leg.  K.   Miyabe  anno 

1894  ;  pago  Hiragishi  ejusdem  prov.  (ijwe)  anno  1899. 

Hondo  :  prov.  Mutsu.  monte  Osorezan  leg.  H.  Shirasawa  anno 
1897  ;  in  montibiis  inter  prov.  Ivôzuke  et  Iwashiro  leg.  H.  Sbirasawa 
anno  1895  :   prov.  Ivôzuke,  tractu  Tone-gori  leg.   H.   Sliirasawa   anno 

1895  ;  prov.  Shimotsuke,  montibus  Nikko  (ipse)  anno  188(). 

v:n'.  sibirica,  I^ed.  FI.  Ross.  III.  ]).  G5G  ;  Spacb,  Rev.  Betul. 
p.  1^07  ;  Regal,  Monogr.  Betul.  p.  98  ;  Regel  in  DC.  Prodr.  XVI.  2, 
p.  189  ;   Regel,  Bemerk,  p.  434. 

*l.c.p.  19. 
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Ramuli  aiigulati  glabri,  cortice  griseo  lenticellis  rotundatis 
ellipticis  vel  oblongi.s  proininulis  iustnicto.  Gemmae  obovoideo- 
ellipsoideae.  Folia  juvenilia  utrinque  subhirsiita  vel  tomentosa  ; 
adulta  glabrescentia,  sii])i*a  pilosula,  sabtus  ad  venas  tantum  puberiila 
saepe  punctulata,  ambitu  ovalia  elliptica  apice  rotundata  acuta,  basi 
rotundata  subcordata  vel  subacuta  simpliciter  serrata  vel  denticulata 
vel  subduplicato-dentata,  utrinque  10-12-costata,  costis  erecto-vel 
subarcuato-])atentibus.  Strobili  immaturi  ellipsoidei  vel  oblongi,  2-5 
in  racemos  dispositi. 

Foliorum  lamina  Hi  cm.  longa,  \)  cm.  lata.  Ptioli  usque  20  cm. 
lonofi.  Strobili  immaturi  9-18  mm.  lons^i. 

Hah.  in  regionibus  montanis,  ad  septentrionem — 

Yezo  :  loco  non  indicato,  leg,  K.  Miyabe. 

Hondo:  prov.  Mutsu,  tractii  Shimokita-göri,  pago  Kawaucbi- 
mura  leg.  H.  Shirasawa  anno  1895. 

var.    emarginata,  X(^b. 

Almis  glutinosa,  Matsum.  List  1*1.  Xikkö,  (1894)  p.  29,  non 
WiUd. 

Arbor  mediocris.  Ramuli  subangulati,  glabri  punctulati,  cortice 
cinereo-fusco  lenticellis  plerumque  rotundatis  instructo.  Gemmae 
ellipsoideae  acutae  vel  obtusae.  Folia  late  elliptica,  rotundato-elliptica, 
basi  acuta  vel  oblique  subrotundata,  apice  profunde  emarginata  excisa, 
subduplicato-dentata  ;  juvenilia  pilosula,  adulta  supra  parce  pilosula  vel 
glabrescentia  vel  glabra,  subtus  glauca  punctulata,  ad  venas  axillasque 
venarum  puberula,  utrinque  7-9-costata,  costis  suberecto-patentibus. 
Strobili  ellipsoidei,  2-4  in  racemos  dispositi.  Squamae  flabellato- 
cuneatae  intus  sulcatae.  Pedunculi  rigidi  ;  pedicelli  brevissimi. 
Nuculae  fuscae,  obovato-ellipticae  nee  orbiculares,  ala  angusta  mem- 
bran  acea  cinctae. 

Foliorum   lamina  9  cm,  longa,  7  cm.    lata.    l\^tioli    usque    3   cm. 


u 
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loDgi,  pilosiusculi.  Strobili  17  iiiiii.  loiigi,  12  nun.  lati.  Xuculae  .') 
nini.  longae,  vix.  :)  mm.  Jatae.  Squamae  6-7  mm.  longae  et  latae. 

Hah.  in  regionibus  alpinis — 

Jlondù  :  prov.  Shimotsnke,  monte  Konseitöge  (ipse)  anno  1885  ; 
monte  Nyohösan  leg.  Y.  Yatabe  et  (ispe)  anno  1901  ;  prov.  Kötsuke, 
monte  Shimizutösre  les^.  K.  Watanabe  anno   1894. 


Alni  specierum  disfcributio  in  Imperio  japonico. 


Species  et  varietates. 

1 

IC 

1 

Öshivia. 
[ins.  adjac. 
prov.  Izn) 

~5 

►< 

'S 

i 

o 
.3 

Alnus  viridis,  var.  sibiricM 

~ 

_ 



_ 

Aluus  Sieboldiana 

— 

— 

— 

— 

— 

Alans  Yashn.        

— 

— 

— 

— 

— 

Alnus  pendula.      

— 

— 

— 

— 

— 

Alnus  maritima,  var.  japonica. 

— 

— 

— 

Alnus  maritima,  var.  fonnosana. 

— 

— 

— 

— 

— 

— 

— 

Alnus  ylutinosa,  var.  japonica 

— 

— 

— 

— 

— 

Aluns  incann,  var.  ylauca.          

— 

— 

— 

— 

Alnus  ineana,  var.  hirsuta 

— 

— 

— 

— 

— 

Alnns  incana,  var.  sibirica 

— 

— 

— 

— 

— 

— 

Alnus  incaua,  var.  emarginata. 

— 

- 

- 

- 

— 

— 

— 
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Tabularum  Explicatio. 


Tabula  I. 

Fig.  1.  Alnus  Sieboldiana:  rami  f  ructiferi  in  ma^nitudine  naturali. 
Fig.  2.  Squama  strobili  ^/^  aucta,  antice  visa. 
Fig.  3-4.  Xuculae  ^/j  auctae. 

Tabula  II. 

Fig.   1.  Alnus  Yasha  :  rami  fructiferi  ia  magaitiidine  naturali. 
Fig.  2.  Squama  strobili  ^/^  aueta.  antice  visa. 
Fig.  3-,").  Nuciilae  ^  -^  tiuctae. 

Tabula  III. 

Fig.  1.  Alnvis  pendula:  rami  fructiferi  ia  maguitiuliae  naturali. 
Fig.  2.  Squama  strobili  ^/i  aucta,  antice  visa. 
Fig.  3-5.  Nuculae  ^'^  auctae. 

Tabula  IV. 

Fig.   I.  Alnus  incana,  var.  emarginata :  rami  fructiferi  in  magnitudine  naturali. 
Fig.  2.  Squama  strobili  •''\  aucta,  antice  visa. 
Fig.  3-5.  Xuculae  ^/^  auctae. 
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In  1898  a  Ibssil  skull  of  a  large  mammal  apparently  of  an 
unknown  type  came  into  po.s.ses.sion  of  Mr.  Iwasaki.  Accordingly,  in 
the  followino-  year,  Mr.  Yoshiwara  visited  the  locality  where  the 
skull  was  reported  to  have  been  discovered,  in  order,  if  possible,  to 
ascertain  its  exact  mode  of  occurrence.  The  place  is  called  Togari, 
situated  in  Kanigöri,  province  of  Mino,  and  the  rock  in  which  the 
fossil  was  found  is  a  tufaceous  sandstone  belonging  to  the  Xeogene 
Tertiary,  probably  Miocene.  In  this  sandstone  Mr.  Yoshiwara  found 
a  specimen  of  a  tooth  belonging  to  the  same  inammal,  a  iact  which 
confirms  the  discovery  of  the  skull  in  the  same  rock.  The  strata 
lying  considerably  below  the  sandstone  contain  Vicarija  callosa 
Jenkins  f  and  many  other  marine  shells,  which  are  generally 
considered  to  be  Pliocene.      Associated  with  the  above  bones  there  are 

t  K.  Martin,  Die  Tertiärschichten  auf  Java.  1879-80,  p.  62. 
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teeth  0Ï  ('(iir]i(iri((s  jitiioniciis  ScuLKc,,,  Solen,  and  impressions  of  some 
land  plants  (IM.  111.  Wu;.  <•  :i)-  ' ''*'  <><-<"Hi"i'fnce  of  thcsu  j)]ant- 
remains  sliows  tliat  the  deposits,  altliouuii  marine,  arc  oi"  a  shallow 
water  oi'iuin. 

About  halt"  a  mile  from  the  above  locality,  and  in  a  stratum 
identical  in  auc  with  that  of  the  above  mentioned  sandstone,  Mr. 
YosHiWAUA  duu"  out  a  part  of  the  lower  jaw  of  a  RJiittoceros  with  some 
teeth  in  the  sockets,  lîones  of  another  species  of  Rliinuccros  were 
also  found  bv  him  in  the  Xeoii'ene  tufaceous  sandstone  of  Hazaki, 
about  ()  miles  from  rogai'i.  Tiiis  was  the  first  time  that  the  remains 
of  Rhinoceros  had  ever  been  discovered  in  Japan. 

Detailed  examination  of  the  fossil  skull  mentioned  seems  to  show 
manv  characters  which  are  different  from  those  of  any  other  mammal 
hitherto  described.  A  few  ])eculiarly  shaped  bunodont  molars  and 
manv  tusk-like  incisors,  touethei-  with  the  long,  narrow,  fiat  and 
straight  upper  jaw,  and  a  large,  anteriorly  placed,  united  nasal 
foramen  are  some  of  the  significant  characters  which  distinguish  the 
fossil.  The  shape  of  the  molars  strongly  reminds  us  of  those  in  the 
Mastodon;  but  the  peculiar  arrangement  of  their  cus[)s,  the  presence 
of  manv  thieklv  enamelled  incisors  in  both  jaws,  and  the  general 
outline  of  the  skidl,  exclude  the  idea  of  the  fossil  belonging  to  that 
genus.  rndee(l  in  the  shape  of  the  skull  oui-  fossil  resembles  some  of 
the  Ungulates,  amongst  which  order  the  groups  ])ossessing  the 
bunodont  teeth — a  type  of  teeth  generally  considered  to  be  of  a 
primitive  character — are  represented  by  the  Condylarthra,  the  primitive 
Equidu'  (such  as  the  Ilyracotheririie)  among  the  I'erissodactvla, 
and  the  lituiodoiitia  among  the  Artiodactyla.  l>ut  the  small  number  of 
molars — ^viz.  two  j)remolars  and  one  or  two  molars  on  each  side  of  the 
jaw, — and  six  horizontal  tusk-like  incisors,  together  with  the  fact 
that  the   anterior   end    of  the    u|)pei"  jaw  protrudes  somewhat  over  the 
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lower,  arc  diameters  which  distinguish  our  fossil  from  all  the  forms 
of  hithei-to  known  Ungulates.  As  an  evidence  that  it  is  not  a 
Sirenia,  we  may  mention  the  differing  ])osition  of  the  nasal  foramen, 
the  smooth  surface  of  the  upi>er  jaw,  the  straight  and  not  downwardly 
curved  anterior  ends  of  hoth  jaws,  the  larger  number  of  incisors  and 
the  peculiar  form  of  the  premolars  and  molars. 

The  discovery  of  this  fossil  is  very  important  to  the  palaeontology 
of  Japan.  Ihit  the  hick  of  a  sufficient  literature  concerning  such  fossils 
in  OUI-  countrv  com])elled  us  to  submit  it  to  the  examination  of  some 
recoofnized  authority  on  vertebrate  fossils  abroad.  So  a  brief 
description  of  the  skull  and  teeth,  accompanied  by  photograplis, 
were  sent  to  Professor  Osborx  who  was  kind  enough  to  inform 
us,  that  the  skull  belonged  to  the  Proboscidea.  According  to 
this  eminent  vertebrate  palaeontologist,  our  form  is  a  very  primitive 
one  in  some  respects,  and  a  highly  specialized  one  in  other 
respects,  belonging  to  the  early  types  of  Mastodon.  The  primitive 
characters  of  the  fossil,  he  says,  lie  in  the  presence  of  successional 
incisors,  while  its  highly  specialized  and  aberrant  characters  lie 
in  the  peculiar  form  and  arrangement  of  the  mammilate  cusps 
of  the  molars,  and  the  narrow,  compressed  or  connate  roots 
supporting  them. 

The  following  is  a  detailed  description  of  our  new  form. 

SKULL. 

T'he  specimen  is  a  very  well  preserved  skull,  whose  hind 
portion,  however,  is  broken  away  (PI.  I  &  11).  It  is  small,  compared 
with  the  skull  of  other  Proboscidea,  the  length  being  considerably 
greater  than  the  breadth.  The  whole  length  of  the  skull  is  55™'  (1.8 
ft.)  ;  from  the  anterior  extremity  of  the  upper  jaw   to   the   anterior 
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edn'e  (jf  the  nasal  loraiiicn  it  mea.sures  7"",  and  Iroiii  llic  p(jstc;i'i(jr  eclge 
of  tlie  satne  foramen  to  the  anterior  part  of  the  orl)it  '20'"".  The  nasal 
foramen  is  larn-e,  oval-shaped,  lo'""  lonu'  and  (i'"'  Avide,  and  ])]aeed 
(juite  in  the  anterior  j)art  of  the  skull  (see  PI.  I).  '[\\v  width  ol"  1  he 
skull  running'  throuuh  the  middle  of  the  rjasal  loranien  is  only  lo'", 
and  the  distanee  hetween  the  inner  sides  of  the  molars  of  the  upper 
jaAY  is  11*"".  Tlie  lieight  of  the  skull  is  mon;  than  IG""  at  the 
posterior  end,  but  aiiteriorly  from  the  point  of  the  insertion  of 
the  molar  teeth,  it  thins  out  (piite  rapidly.  The  molars  are 
found  immediately  beneath  the  orbital  foramen  as  shown  in  V\. 
ri.  Towards  the  na,sal  foramen  the  jaw  becomes  more  and  mr)re 
flattened,  and  is  ordy  5"'"  high  at  the  posterior  edge  (^f  the  foramen, 
whence  it  thins  out  towards  the  anterior  extremity.  When  viewed 
from  above,  the  nasal  foramen  is  completely  surrounded  by  the 
premaxillœ,  and  the  nasal  bones  do  n<3t  extend  to  the  foramen  but 
lie  beneath  the  premaxillœ.  ^laxillœ  are  well  preserved,  joined 
to  other  bones  by  distinct  sutures.  The  ui)per  surfoce  of  the  upper 
jaAV  is  almost  smooth  and  its  anterior  portion  shows  no  trace  of  a 
downward  eiu-vature. 

The  lower  jaw  is  very  low  and  also  does  not  curve  downward.  Its 
ramus  is  11'"'  liigh  and  4.5''"  wide  at  the  part  where  the  molai-s  grow, 
but  the  height  gradually  diminishes  towards  the  antei-ior  part,  tinally 
thinning  out  at  the  extremity.  The  posterior  end  of  the  line  of 
junction  of  the  two  rami  is  placed  far  back,  being  separated  only 
about  5""  in  a  direct  distance  from  the  root  of  the  molar.  The 
distance  from  a  point  between  PM.,  and  M  to  the  anterior  extremity 
of  the  ramus  measures  about  -lO""'  in  the  up])er  jaw,  but  only  about 
3()''"'  in  the  lower.  This  shows  that  the  u])per  jaw  protruded  over 
the  loAver. 
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INCISORS. 

The   teeth    arc    very    characteristic    in    form.       Incisors    are    all 
tusk-shaped,    ([uite    h(jrizontalIy    phiced   and    not    curved    at  the   tip. 
There  are  found  two  paii's  in  the  lower  jaw  and  one  pair  in  the  upper, 
(See  PL  I).    The  upper  incisors  liave  not  yet  come  into  full  growth, 
only  the  left  tooth  beinu'  slio-htly   visible  below   the  broken  maxill-cê. 
The  two  ])airs  of  incisors  in  the  lower  jaw,  especially  the  inner  pair  or 
Ij,  are  prolonged  beyond    the   anterior   extremity    of  the  jaw    bone. 
Incisors  are   verv    Ion"-   and    7)robablv    20'""  or  more  in  length  when 
measured  from  the  extremity  of  the  root  to  the  summit  of  the   crown. 
Thev   are    entirely    covered    by    a    thick    coating    of    enamel,    with 
the    thick    dentine   and  the  pulp  cavity  inside.      In  the  lower  L,   a 
transverse  section  at  the  distance  of  7.8"^'"  from  the  summit   has   the 
diameter  of  o.l5'^"',  where  the  enamel  is  1.5'""'  thick,  the  dentine  6""" 
and  the  diameter  of  the  pulp   cavity    1.65""  (fig.    1).      Towards  the 
summit,    the  enamel   becomes  thicker   measuring    3"""   in   thickness, 
while  tlie  dentine  has  the  diameter  of  l.-l"'"  with  no    pulp   cavity   at 
the  distance  of  o.2'"'  from  the  summit  (fig.  2).     The  upper  jaw  seems 
to  have  only  one  pair  of  incisors,   for   the  transverse  section  of  the 
skull  at  tlie  distance  of  a1)out  22'""  from  the  anterior  extremity  shows 
no  trace  of  teeth  (fig.  4). 

PREPyiOLARS  AND  MOLARS. 

Behind  the  incisc^rs  there  is  a  wide  gap  in  both  jaws.  The  teeth 
collected  by  us  are  the  right  lower  PMi,  the  right  upper  PM,,  the 
right  and  left  lower  PM.,,  the  left  lower  M,  and  the  right  and  left  upper 
M.  They  all  possess  very  |)eculiar  forms  never  found  in  Proboscidea, 
or  even  in  other  Mammalia.  The  crown  is  an  aggregation  of  long 
cylindrical  column-like  tubercles,  which  are  generally  arranged  in  two 
longitudinal  rows,  parallel  to  tlie  longer  axis  of  the   crown,    and   in 
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Fig.  1. 

Section  of  I.oU  at  tlie 
distance  of  7.8«=™  from 
the  summit  (nat.  size). 

C  Cement. 
D  Dentine. 
F     Pulp. 


Fig.  2. 

Section  of  Loi.,  at  the 
distance  of  3.2cm  from 
the  summit  (nat.  size). 

<'    Cement. 
D     Dentine. 


Fis.  3. 


Diagrammatic  transverse  section  of  skull  at  tlie  distance  of 
15cm  from  the  anterior  extremity  of  the  upper  jaw.    (J  nat.  size). 
Up  I     Upper  incisor.         Lo  7i     First  lower  incisor. 
Lo  In     Second  lower  incisor. 


Fig.  4. 

Diagrammatic  transverse  section  of  skull  at  the  distance  of 
22cm  from  the  anterior  extremity  of  upper  jaw.     (^  nat.  size). 
/,o  fj     First  lower  incisor  .        J-O  J^     Second  lower  incisor. 
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three  transverse  rows  at  rig'lit  angles  to  it.  The  ename]  is  extra- 
ordinarily thick,  aij(l  the  dentine  which  occupies  the  centre  of  the 
column  appears  as  a  I'ound  section  on  the  niasticatirjg  surface.  The 
hase  of  the  teetli  is  narnnv,  compressed  and  2-rooted  in  all  cases. 
The  pidp  cavitv  is  almost  wanting"  in  the  crown,  only  extending 
as  a  small  I'ounded  canal  in  each  tubercle  for  a  very  short 
distance.  Alth(3ugh  we  could  not  examine  anv  other  premolars 
than  the  last  ])remolar  in  the  upper  jaw,  yet  it  is  almost  certain 
that  there  must  have  existed  another  premolar  located  anteriorly, 
judging  from  the  well  worn  surface  of  the  lower  premolar 
corresponding  to  it. 

Firü  prcuioldr  :  The  premolars  of  the  lower  jaw  are  tW'O  in 
number.  The  crown  in  the  tirst  premolar  (PI.  III.  tig.  1  a  &  b)  has 
a,  longer  axis  of  o.^'™,  a  shorter  axis  of  2'"',  and  a  height  of  about 
2.7'"'.  It  is  composed  of  seven  pillars,  which  are  not  so  distinctly 
separated  into  two  symmetrical  halves  as  is  seen  in  the  succeeding 
teeth.  These  pillars  are  very  close  together  so  that  there  is  no  space 
left  between  them.  So  when  seen  from  above,  the  pillars  are  not 
circular  in  section,  but  appear  strongly  compressed  tow^ard  one 
another.  The  masticating  surface  is  comparativelv  little  worn,  so 
that  the  dentine  is  not  much  exposed  on  it.  The  posterior  side  of 
the  tooth  presents  neatly  titting  faces  to  the  second  premolar,  but  on 
the  anterior  side  we  can  not  tind  any  face  Avhich  might  have  come  in 
c<jntact  with  another  tootii. 

Second  jyn'iiiolar  :  The  second  premolar  of  the  lower  jaw  (PI.  III. 
tio-,  2  a  &  b,  tii»-.  o  a  &  b)  has  a  lono-er  axis  of  4.7™'  and  a 
shorter  axis  of  o.2'"",  while  the  height  of  the  crown  is  reduced  to 
2,5'"'.  as  the  result  ot  much  friction.  It  is  divisible  into  tW'O  lonofi- 
tudinal  halves  and  three  transverse  j)arts.  Each  of  these  parts 
consists  of  a  column-like  tubercle  with  the  thick  outer  enamel  and  the 
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cenfrally  ])l;ic('(l  (Icutinc.  Onlv  in  the  ]t()st(']"i(»r  outer  one  of  these 
jKirts  is  tliere  fniiml  hv  the  side  of  ;i  larger  ordiiuirv  ]»ilhir  another 
smaller  one.  wliidi  corresponfls  to  tlie  talon  of  other  bunodont 
niamnials.  At  tlie  hase  of  the  middle  of  tlie  anterior  side,  there  is  a 
little  protidjei-aiice  wliieh  however  has  l)een  almost  entirely  woi-n 
away  by  rul)l)inu-  with  the  iirst  ])remolar. 

Tlie  second  premolar  of  the  u|)])er  jaw  (PI.  II.  I'm,  I'l.  Ill  tiü'. 
4)  is  only  seen  on  its  right  side.  Tlie  crown  is  composed  of  four 
cylindi-ieal  pillars  ami  a  very  small  protuberance  at  the  anterior  outer 
edge.  Thus  tlie  teeth  of  the  upper  jaw,  when  compared  with  those 
of  the  lower,  siiow  much  iewer  tubercles.  This  fact  is  prol)ablv  not 
due  to  the  loss  of  tubercles  l)y  mechanical  action  after  the  death  of  the 
animal,  but  seems  to  have  beeii  a  natural  state,  for,  on  examining  the 
corresponding  Pj\L,  in  tlie  lower  jaw.  we  und  that  the  surface  in 
contact  with  the  former  is  deeply  worn  in,  so  that  the  surrounding 
portion  jjrojects  a  little  oser  the  other  parts.  This  projecting  portion 
is  also  worn  ])y  friction,  Avhich  indicates  the  existence  oï  Pj\I,  in  the 
upper  jaw, 

Molcirs  :  Molars  are  very  large  and  distinctU'  :^-rooted.  The 
molar  of  the  lower  jaw  (I'l,  III,  fig,  5  a  &  b)  has  a  length  of  (1,4''"^ 
and  a  breadth  of  4™';  and  the  height  of  the  worn  crown  measures 
8.9'"'.  It  closely  resembles  in  form  the  lower  I'M.,  but  is  much  more 
simple,  being  composed  only  <jf  six  regular  pillars. 

The  molars  of  the  upper  jaw  (PI,  II.  M„  PI.  III.  tig,  4,  Üg. 
G  a  &  b)  are  rather  complex  in  foi-m.  The  outline  of  the  masticat- 
ing surface  takes  the  form  of  an  isosceles  triangle  with  the  apex- 
directed  posteriorly.  The  pillars  are  arranged  in  two  longitudinal 
and  f(^ui-  transverse  rows.  The  transNcrsc  row  making  the  l):ise  of  the 
triuno-le  is  formed  of  three  i)illars  with  a  smaller  one  intercidated 
betw^een  the  two  innermost  pillars  of  this  ;ind  the    next    posterior  row. 
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The  central  rows  are  C(^mj)o.sefl  of  two  anterior  and  two  posterior 
pillars  of  which  the  anterior  ones  are  the  largest  of  all.  At  the  apex 
of  tlie  triangle  are  two  pillars,  the  larger  being  placed  almost  in 
the  median  lonofitudinal  line  and  the  smaller  in  contact  with  it  at 
the  inner  posterior  edge. 

Xear  the  posterior  margin  of  the  riglit  orbital  fn-amen,  a  trace  of 
a  molar  is  found  enclosed  in  the  bone  (PI.  T[.  M.,).  Judging  from 
its  position,  as  well  as  from  the  young  state  of  the  animal,  it 
is  probably  to  be  considered  as  the  second  medlar  which  was  not  yet 
functional  as  in  the  case  of  tlie  upper  incisor.  As  the  posterior 
portion  of  the  lower  jaw,  posterior  to  the  position  of  the  first  (?) 
molar,  is  broken  away,  it  is  not  certain  whether  the  second  (?) 
molar  ever  existed. 

From  the  above  statement  it  is  to  be  concluded  that  the  animal 
had  probably  two  incisors,  four(?)  j»remolars  and  friur  molars 
in  the  upper  jaw,  and  four  premolars  and  two  or  four  molars  in 
the  lower. 

It  is  of  interest  to  add  here,  that  another  tooth  probably  belong- 
ing to  the  same  genus,  if  not  to  the  same  species,  was  brought  by  a 
Mr.  S.  ItO  in  1897  from  an  entirely  différent  locality.  He  is  a 
resident  of  the  village  of  Ynnomachi  near  Matsue  in  the  province  of 
Izumo,  and  it  was  reported  by  him  that  the  specimen  had  been 
picked  up  by  another  person  in  the  vicinity  of  the  village.  It  (PL 
III.  fig.  7  a  &  b)  has  a  crown  which  is  quite  similar  in  color  and 
structure  to  the  ab(^ve  described  teeth.  The  crown  is  likewise  split 
bv  a  lonsfitudinal  furrow  runninu'  down  to  its  base.  The  small 
number  of  tubercles  in  the  tooth  seems  t<j  indicate  that  it  is  a  lower 
molar,  but  tlie  crown  is  very  smtdl  in  size  when  compared  with  the 
specimens  already  described,  being  only  4..H'"'  in  height,  and  o.5""  and 
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2.9'"'  in  rlic  lonijor  und  shorter  ;ix(js  (jn  tlie  musticatinir  .surture. 
Moreover  tlie  pillars  are  not  arranged  in  three  transverse  rows,  and 
tliere  is  no  sign  of  either  its  anterior  or  its  posterior  face  having*  been 
in  «'ontaet  with  another  tootli.  The  outer  surface  of  one  of  the  two 
longitudinal  halves  containing  three  tubercles  is  convex,  but  that  of 
the  other  half  is  almost  fiat.  The  Avearinii'  is  rather  slii«ht  and  the 
dentiiie  is  exposed  onlv  in  a  small  round  section,  Tlie  two-rooted 
«•haracter  of  the  base  is  distinctly  shown  in  the  tooth  examined. 
Comparing  the  form  of  the  present  tooth  Avith  that  of  the  above 
described  specimens,  there  is  among  these  not  one  which  quite  agrees 
with  it  in  the  ai-rangement  of  the  column-like  tubercles.  In  the  size 
of  the  crown  the  tooth  somewhat  approaches  the  second  premolar  of 
the  other  specimens,  but  there  exists  a  great  différence  in  the  number 
of  tubercles.  Therefore  it  is  not  certain  whether  we  have  before  us  a 
premolar  or  a  molar,  a  milk  tooth  or  a  permanent  one. 

PHYLOGENETIC  VIEW  OF  THE  PRESENT  SPECIMENS. 

Our  specimens  decidedly  belorig  to  a  new  genus.  Among  the 
Proboscidea  there  are  at  present  two  families,  viz..  Dinotheridaî  and 
Elephantida?.  The  former  contains  <jn!y  one  genus  called  D'uiothe- 
riuiii,  wliich  is  found  in  the  upper  and  middle  Miocene  (or  even  in 
the  1  Miocene?)  of  Europe  and  the  East  Indies.  The  animals  which 
are  commonly  known  as  elephants  are  all  included  in  the  latter 
family  which  comprises  tliree  genera  Mastodon.  Stegodon  and  Elephas. 
The  chief  characters  Avhich  distinguish  those  families  fi'om  one  another 
seem  to  me  to  be  the  following  : 

(1)  In  the  Dinotheridaî  a  ])air  r)f  incisors  appear  only  in  the 
lower  jaw,  aiid  are  directed  vertically  downwards  in  consequence  of  the 
abru])t  downward  flexure  of  the  front  part  of  the  mandible,  while  in 
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the  ElephantidiB  they  appear  either  only  in  the  upper  jaw  as  seen 
in  Elephas,  Stegodon  and  many  species  of  Mastodoiu  or  in  both  jaws 
as  in  some  other  species  of  Mastodon. 

(2)  In  the  Dinotheridœ  the  grinding  surface  of  the  molars  is 
provided  with  very  simple  transverse  ridges  which  are  three  in 
number  in  the  first  molar,  and  two  in  the  other  molars,  and  are 
entirely  destitute  of  cement  ;  while  in  the  Elephantidte  the  construction 
of  the  teetli  is  more  complicated.  Some  species  of  Mastodon,  in 
which  the  teeth  sIk^w  a  very  simple  construction,  have  two  or  more 
transverse  ridges  with  somewhat  deeper  valleys,  and  also  sliow  a 
tendencv  for  each  ridi2:e  to  divide  itself  into  a  rii>ht  and  a  left  half, 
while  most  frequently  these  ridges  are  further  subdivided  into 
tubercle-like  bosses.  In  Elephas  the  ridges  become  very  numerous 
and  are  separated  from  one  another  by  deep  cleft-like  valleys  filled 
with  thick  cement,  while  in  Stetjodon  the  teeth  present  the  transi- 
tional form  between  those  of  Eleplias  and  Mastodon. 

(3)  In  the  Dinotherida^  all  the  teeth  (two  {a-emolars  and 
three  molars)  are  simultaneously  functional,  while  in  the  Elephan- 
tidie  there  are  no  more  than  one  or  two  in  place  and  in  use  at 
all  times. 

Xow  examining  the  Japanese  specimens,  there  are  many 
characters  which  distinguish  them  from  the  two  fomilies  above 
described.  Indeed  the  distinction  is  quite  as  great  as  that  existing 
between  these  two.  The  Japanese  form  has  a  great  number  of 
incisors,  viz.,  one  pair  in  the  upper  jaw  and  two  pairs  in  the  loAver. 
Although  the  specimens  seem  to  belong  to  a  young  form  and  the 
incisors  are  not  yet  perfectly  developed,  there  is  reason  to  beheve  that 
they  will  not  develop  so  strongly  as  to  form  tusks  which  are  seen  in 
the  above  two  families.  In  the  fact  that  the  premolars  and  molars  are 
all  simultaneously  functional,  they  resemble  Dinotherhim,    while  their 


\0  AKT.  iV— S.  YOSHIWAKA  AND  .r.   IWASAKT. 

peculiar  lunii  iviniiids  iis  of  the  most  priiiiiti\'e  teeth  of  Mastoiloii. 
The  u'reat  elongution  of  hoth  jaws  which  are  narrowed  and  quite 
flattened,  the  anterior  position  of  the  nasal  foramen,  and  the  much 
narrowed  and  compressed  roots  of  the  teeth  are  cliaracters  quite 
different  from  those  of  Proboscidea,  if  we  except  some  very  aberrant 
forms.  In  the  Japanese  form,  the  enamel  is  thick  and  covers  the 
whole  surface  of  tlie  incisors.  Sucli  a  case  is  never  found  in  the 
hitherto  described  Proboscideans  ;  Stcgodons^  most  Klephas  and  the 
I'Jiocene  Mastodons  having  no  trace  of  enamel.  The  only  cases  in 
wliich  tlie  presence  of  enamel  lias  been  ascertained  are  those  of 
some  ]\Iiocene  species  of  Mastoilons,  and  of  some  FAeplias.  Put  in 
the  former  the  enajnel  covers  only  the  lateral  side  of  the  tusks  as  a 
longitudinal  band,  and  in  the  latter  it  covers  only  the  apex  of  the 
teeth  which,  liow^ever,  soon  wears  away.  Thus  the  great  number  of 
thickly  enamelled  small  incisors  and  the  most  primitive  form 
of  premolars  and  molars  which  are  all  siinultaneouslv  functional, 
are  the  characters  which  make  the  Japanese  fossil  approach  to  the 
primitive  Ungulata,  from  which  Proboscidea  is  supposed  to  have 
descended.  Our  form  also  resembles,  in  some  respects,  certain  Sirenia, 
viz.,  in  the  structure  and  number  of  incisors,  in  the  bunodont  character 
of  the  molars,  in  the  thinning  out  of  both  jaw  bones  anteriorly, 
and  in  the  protrusion  of  the  upper  jaw  over  the  lower.  &q.  It  is 
true  that  Sirenia  has  a  close  relationship  with  the  Lngulata;  its 
most  primitive  form,  Vronistouius,  having  a  great  number  of  incisors, 
a  pair  of  canines,  and  a  smooth,  straight  and  slender  up])er  jaw,  all 
whicli  cliaracters  decidedly  show  its  descent  fn^ni  an  L  ngulata  like 
J'lieiiacodit.s  or  'I'dpirus.  [.vdkkkkk  is  of  oftinion  that  llalithcvium 
raronense  Zk;.  is  a  form  which  has  descended  from  an  artiodactyle 
Unofulata  with  short-crowned  and  solenodont  molar  teeth.  Zittel 
also  mentions  that  the  molars  of  Sirenia  resemble  partly  those  of  the 
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Tapini.'i  and  partly  those  of  the  primitive  hog  or  Condyhirthra.  So 
it  is  quite  natural  that  there  should  exist  some  coincidence  in  the 
characters  of  the  three  orders  of  Sirenia,  Proboscidea  and  Ungulata, 
and  that  our  new  form  which  shows  very  primitive  diaracters  of 
Proboscidea  should  also  resemble  the  two  other  orders  above 
mentioned. 

We  here  express  our  great  indebtedness  to  Professor  H.  F. 
(JsBOKN  for  the  valuable  liints  given  to  us  in  his  very  kind  letters 
during  our  investigations.  Thanks  are  also  due  to  Professors 
YoKOYAMA  and  Watasé  f(jr  the  trouble  they  have  taken  in  revising 
our  manuscript. 

PaliBontological  Laboratory, 
Science  College, 

Tokyo  Imperial  University. 

December  1901. 
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Upper  view  of  skull  (reduced  to  one  hall'  of  natural  size) 
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Profile  view  of  skull  (reduced  to  one  half  of  natural  size) 
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PLATE  III 

Fig.  1  a  &  b.     View  of  the  masticating  and  outer  surfaces  of  the  first  right  lower 
premolar  ;  anterior  surface  on  the  riglit  side  of  plate. 

Fig.  2  a  &  b.     View  of  the  masticating  and  outer  surfixces  of  tlie  second  right  lower 
premolar  ;  anterior  surface  on  the  right  side  of  plate. 

Fig.  3  a  tt  b.     View  of  the  masticating  and  outer  surfaces  of  the  second  left  lower 
premolar  ;  anterior  surfaces  on  the  left  side  of  plate. 

Fig.  4.     View  of  the  masticating  surface  of  the  right  upper  premolar  and  the  right 
upper  molar  ;  anterior  surface  on  the  right  side  of  plate. 

Fig.  5  a  &  b.     View   of  the    masticating   and    outer    surfaces    of    the    left    lower 
molar  ;  anterior  surface  on  the  left  side  of  plate. 

Fig.  <>  a  &  b.     View    of    the    masticating    and     inner   surfaces    of    the    left    upper 
molar  ;  anterior  surface  on  the  left  side  of  plate. 

Fig.  7  a  Si,  b.     View  of  the  masticating  and  convex  surfaces  of  the   specimen  from 
the  province  of  Izumo. 

All  figures  in  natural  size. 
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GENERAL  DESCRIPTION. 

The  facts  to  be  discussed  below  have  been  obtained  chiefly  from 
the  "  Report  on  Observations  in  Terrestrial  Magnetism  and  Atmos- 
pheric Electricity  made  at  the  Central  ]\leteorological  Observatory  of 
Japan  for  the  Year  1897,"  though  some  are  from  the  original  photo- 
graphic records  preserved  in  that  observatory.  The  observatory, 
whose  coordinates  are  0  =  35°  41'  X.,  /'.=  139°  45'  E.,  occupies  a  portion 
of  the  old  castle  of  Yedo,  and  thus  stands  pretty  well  out  of  the 
direct  effect  of  tlie  dust  and  smoke  of  the  city.  The  collector  for 
atmospheric  electricity  is  a  water-dropper  whose  nozzle  is  2  m.  from 
the  wall  of  the  building  and  1.7  m.  above  the  ground.  The  photo- 
graphic record  is  given  by  a  Kelvin-Mascart's  self-recording  electro- 
meter. The  time  refers  to  the  central  standard  time,  i.e.  the  mean 
time  for  the  meridian  1.35°  E.  Other  details  with  regard  to  the 
observation  and  reduction  will  be  found  in  the  first  pages  of  the 
Report. 
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Every  one  looking  at  the  photographs  will  be  struck  by  the 
most  irregular  and  capricious  manner,  in  which  the  potential  varies 
from  instant  to  instant.  (See  PL.  I.)  This  fact,  together  with  the 
observations  of  Lord  Kelvin  and  otliers  that  at  two  stations  distant 
from  each  other  by  more  than  100  m.,  no  similarity  in  the  variations 
could  be  detected,  suggests  to  us  that  the  principal  causes  of  the 
phenomenon  are  located  not  very  far  from  the  earth,  but  perhaps 
within  a  few  kilometres  from,  and  possibly  just  near  the  surface. 

On  examining  the  figures  given  in  the  Report,  we  see  at  once 
that  the  cold  seasons  show  a  decided  tendency  to  have  higher 
potentials  than  the  warm.  While  fully  recognizing  this  tendency, 
we  feel  some  hesitation  in  accepting  these  figures  as  representing  the 
genuine  values  of  the  potential  at  all  seasons.  Probably  defective 
insulation  of  the  instrument  in  the  warm  and  wet  season  has  some 
part  in  the  etfect. 

Undoubtedly  the  diurnal  variation  is  much  more  faithfully 
represented.  Here  we  see  two  maxima  and  two  minima,  somewhat 
resembling  the  variation  of  the  atmospheric  pressure,  with  which  the 
phenomenon   has  probably  a  close  connection.     As    to  the  time  of 
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2.30  p. 

(  4) 

6.37  p. 

— 

Juue 

3.00  a. 

4.27  a. 

6.00  a. 

(   19) 

1.00  p. 

(3) 

6.55  p. 

9.00  p. 

•July 

2.00  a. 

4.39  a. 

6.00  a. 

(  21) 

2.15  p. 

(  3) 

6.53  p. 

9.00  p. 

Aug. 

2.00  a. 

5.01  a. 

6.15  a. 

(  l-i) 

2.45  p. 

(2) 

6.27  p. 

8.45  p. 

Sept. 

.3.00  a. 

5.25  a. 

6.45  a. 

(  ly) 

2.00  p. 

(  2) 

5.46  p. 

12.00  p. 

Oct. 

2.00  a. 

5.5Û  a. 

7.00  a. 

(103) 

uoou 

(25) 

5.05  p. 

9.00  p. 

Nov. 

3.15  a. 

(i.l8a. 

7.30  a. 

(108) 

2.15  p. 

(38) 

4.35  p. 

10.00  p. 

Dec. 

3.45  a. 

6.i4a. 

8.(0  a. 

(188) 

2.1.J  p. 

(42) 

4.30  p. 

10.00  p. 
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occurrence  of  the  extreme  \^nlues  in  each  monthly  mean,  we  have  the 
accompanying-  table. 

Tluis  we  see  that  the  morning  maximum  occurs  a  little  more 
than  one  hour  after  sunrise,  throughout  all  the  seasons.  The  fact 
that  this  maximum  occurs  much  more  regularly  than  the  other 
extreme  v;ihies,  is  not  confined  to  the  monthly  means,  but  also 
exhibits  itself  in  daily  values.  For,  it  generally  deviates  only  an 
hour  Ol-  tw(3  from  one  day  to  another,  while  the  evening  maximum, 
for  instance,  ma}^  occur  at  7  p.m.,  or  not  be  reached  even  at  midnight. 
This   fact   is   at   least   one   of  the   causes   which   make   the   mornin»- 

o 

maximum   so   conspicuous   in  the    diurnal   variation    curve    in    each 
month. 

THEORIES. 

]>efore  proceeding  further  to  examine  the  relations  of  the 
potential  to  other  meteorological  phenomena,  it  will  be  well  here  to 
recapitulate  briefl}^  some  of  the  theories  of  atmospheric  electricity,  and 
to  state  the  author's  view  in  accordance  with  which  be  wishes  to 
discuss  those  relations. 

Perhaps  the  oldest  of  the  theories  still  held  is  that  of  Erman 
(1803)  and  Peltier  (1836),  which  supposes  the  earth  to  have  an 
inherent  negative  charge.  Among  the  modern  supporters  of  this 
theory  we  find  Exner,  who,  while  ascribing  the  primary  cause  of 
atmospheric  electricity  to  the  earth's  inherent  charge,  strives  to 
explain  its  variations  as  being  due  to  the  action  of  the  aqueous 
vapour,  which  in  evaporating  from  the  earth's  surface,  carries  more  or 
less  negative  charge  with  it,"  the  latter  supposition  being  founded  on 


1)     Exner,  Sitzungsberichte  d.  Wiener  Akad.  d.   W.  93.  p.  222.  188'3  ;  93.  p.  419.  1837;  97, 
p.  277.  188S. 
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an  experiiiieiit  of  ]\Ia.scnrt'.s,  avIio  observed  (1878)  that  the  evaporation 
took  place  more  rapidly  from  an  electrified  li(piid  than  from  a 
neutral  one. 

Edlund's  theory'^  of  imipolar  induction  considers  the  earth  as^ 
a  rotating  conducting  sheath,  Avithin  Avhich  a  magnet  is  situated. 
The  induction,  as  he  calculates,  causes  positive  electricity  to  ac- 
cumulate in  tlie  upper  atmosphere,  which  is  the  origin  of  atuKjspheric 
electricity. 

Sohncke^^  ascribed  the  cause  of  atmospheric  electricity  to  the 
friction  of  ice  on  water  particles,  whereby,  as  was  first  shown  by 
Faraday^^  and  afterwards  ascertained  by  Sohncke,"*^  ice  becomes 
positively  and  water  negatively  electrified.  Thus  tlie  layer  of  air 
lying  above  the  isothermal  of  0°  and  carrying  ice  spicules,  becomes 
pesitively  electrified  by  friction  Avith  the  layer  lying  below  the 
isothermal  and  containing  water  particles,  and  the  negative  electricity 
of  the  latter  partly  passes  down  to  the  earth  through  precipitation. 

The  pliotoelectric  theory,  which  was  first  proposed  by  Arrhenius,^^ 
and  then  souiewhat  modified  and  fully  developed  by  Elster  and 
Geitei,*^^  considers  that  the  negative  electricity  of  the  earth's  surfiice  is 
dissipated  in  the  atmosphere  by  the  action  of  the  ultraviolet  light 
from  the  sun.  Some  rekitions  are  traced  between  the  seasonal  and 
diurnal  variations  and  the  intensity  of  the  solar  radiation. 

The  so-called  ion-theory  of  atmospheric  electricity  was  first 
suggested  bv  J.  J.  Thomson, ^^  durinu'  his  investigaition  on  the  charge 


1)  Edlund,  Actes  de  l'Acadeuiie  des  Sciences  de  Suéde,  XVI.  1878. 

2)  Solmcke,  Der  Ursprim^'  der  Gewitter-elektricitiit  und  der  gewohnlichen  Elf  ktiicitii-t 
der  Atmosphäre,  Jena.  1885. 

3)  Faraday,  Experimental  Kesearches,  II.  p.  lOt!. 

4)  Sohncke,  Wied.  Ann.  28.  P-  550.  1886. 

5)  Arrhenius,  Meteorologische  Zeitschrift,  5.  P-  -97.  1S88. 

6)  Klster  und  Geitel,  Sitzuuf^.sberichte  d.  Wiener  .Akad.  \\}[.  p.  703,  1892. 

7)  J.  J.  Thomson,  Phil.  Mag.  XL  VI.  p.  533.  1898. 
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of  electricity  carried  by  the  ions  produced  by  Röntgen  rays,  in  the 
following  terms.  "  If  the  negative  ions,  say,  were  to  diifer  in  their 
power  of  condensing  water  around  them  from  the  positive,  then  we 
might  get  a  cloud  formed  round  one  set  of  ions  and  not  round  the 
other.  The  ions  in  the  cloud  would  fall  under  gravity,  and  thus  we 
might  have  separation  of  positive  and  negative  ions,  and  the  produc- 
tion of  an  electric  field,  the  work  required  for  the  production  of  the 
field  being  done  by  gravity."  C.  T.  Iv.  Wilson^^  actually  found  that 
it  requires  a  greater  expansion  to  produce  a  cloud  on  positive  ions 
than  on  negative  ones,  and  he  considers  that  if  ions  ever  act  as 
condensation  nuclei  in  the  atmosphere,  it  must  be  mainly  or  solely 
the  negative  ones  which  do  so,  and  thus  a  preponderance  of  negative 
electricity  will  be  carried  down  by  precipitation  to  the  earth's  surface. 
Elster  and  GeiteP^  observed  that  an  isolated  charged  body  graduallv 
loses  its  electricity  when  exposed  to  the  atmosphere,  the  negative 
electricity  being,  generally  speaking,  the  more  quickly  dissipated. 
They  investigated  the  phenomenon  under  various  circumstances,  and 
came  to  the  conchision  that  solar  radiation  or'ives  a  kind  of  con- 
ductivity  to  the  air,  by  generating  in  it  some  minute  nuclei  capable 
of  carrying  electric  charges,  which  they  called  ions.  Of  these  the 
negative  ions  move  more  quickly  than  the  positive,  and  soon  reach 
conductors  such  as  the  earth's  surface,  and  give  up  their  negative 
charge,  while  the  positive  ions  remain  and  accumulate  in  the  atmos- 
phere. Thus  the  usual  electric  condition  of  the  atmosphere  is  set  up 
and  maintained.  Ebert^^  repeated  the  experiments  in  balloons  and 
found  that  the  rate  of  dissipation   is  greater  in   the   higher   altitudes 


1)  C.T.R.  Wilson,  Phil.  Trans.  1899.  or  Nature  LXII.  p.  149.  1900. 

2)  Elster  u.  Geitel,  Terr.  Mag.  IV.  1899,  or  Ann.  d.  Phys.  2.  P-  425.  1900. 

3)  Ebert,  Sitzungsberichte  d.  inathem.-phys.  Classe  d.  kgl.   bayer.   Akad.  d.  W.  XXX.  p. 
511,  1900  ;  XXXI.  p.  .35.  1901, 
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and    also    that    the  rate  gradually  tends  to  become  iiide])endeiit  of  the 
sign  of  the  charge. 

Xow  all  of  the  above  mentioned  theories  are  based  on  experi- 
ments, arid  tlie  actions  or  processes  contained  in  them  may  actually 
take  place  in  the  atmosphere.  The  only  ([uestion  is  that  of  the 
competence.  For  my  part,  I  feel  convinced  that  friction  is  by  far  the 
most  effective  cause  of  electrification.  It  is  my  main  object  here  to 
see  hoAv  far  we  can  explain  the  manifold  phenomena  in  atmosj^heric 
electricity  by  the  friction  theory  alone. 


EXPERIMENTS. 

First  of  all,  in  order  to  assure  myself,  how  different  objects 
become  electrified,  I  made  the  f:)l lowing  experiments.  I  took 
a  Kelvin-Mascart's  electrometer, 
whose  quadrants  were  charged 
by  a  water  battery,  the  middle 
])oint  of  which  was  connected 
with  the  earth.  To  the  needle 
was  connected  one  end  of  a  fine 
wire,  the  other  end  of  whicli 
was  put  on  a  Mascart's  in- 
sulator. The  sensibility  of  the 
needle  was  about  0.17  volt  per  division  of  the  scale. 

Experiment  I. — ^The  friction  of  sand  particles  with  leaves,  twigs, 
wood,  etc.  These  objects  were  placed  one  bv  one  upon  the  Mascart's 
insulator,  and  from  a  metallic  funnel  suspended  by  silk  thread,  a 
stream  of  fine  sand  Avas  poured  down  against  them,  so  as  to  electrify 
them  by  fricti(3n.  In  each  case,  the  electrometer  showed  a  positive 
electrification.  These  objects  were  then  disconnected  from  the  wire, 
and   held    by  a  separate  stand  over  the  insulator.     A  stream  of  sand 


-*-  12 
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passing  down  against  them,  was  received  by  a  plate  on  the  insulator. 
The  electrometer  showed  negative  electrifications.  From  these  ex- 
periments we  may  conclude  that  the  above  named  objects  become 
positively,  and  sand  negatively  electrified  by  their  nuUual  friction. 

Experiment  II. —  The  friction  of  water  particles  with  leaves, 
twigs,  w^ood,  etc.  These  objects  were  placed  upon  the  insulator,  and 
to  them  was  directed  a  jet  of  steam  from  tlie  finely  drawn  out  end  oï 
a  horizontal  glass  tube  1.5  m.  long,  whose  other  end  was  bent  down 
into  a  fiask  of  boilino-  water.  The  electrometer  showed  sliü'ht  neo-ative 
electrifications  of  these  objects,  except  in  one  case,  namely  dry  ice, 
which  shoAved  itself  positively  electrified.  Though  this  group  of 
experiments  gave  results  with  less  degree  of  certainty  than  the  rest, 
I  contented  myself  with  them  ;  for  exactly  the  same  results  had  been 
already  obtained  by  many  investigators.  For  instance,  Faraday^ ^ 
proved  in  his  fiunous  experiments  conducted  for  the  explanation  of 
Armstrong's  hydroelectric  machine,  that  water  becomes  positively 
electrified  by  friction  with  many  substances,  for  instance,  ivorv, 
quartz,  glass,  etc.;  but  becomes  negatively  electrified  by  friction  with 
dry  ice.  Elster,-*  in  investigating  the  electromotive  force  excited  in 
a  stream  of  water,  showed  that  the  electrificatiori  took  place  solely 
where  the  water  was  in  contact  with  solids  such  as  mica,  airate, 
caoutchouc,  wax,  glass,  porcelain,  etc.,  and  where  the  water  mass 
experienced  friction,  and  that  the  electrification  was  such  that  water 
acquired  positive  electricity  with  regard  to  these  substances.  Again 
Sohncke^^  proved  that  ice  became  positively  electrified  by  friction  wdth 
water,  and  also  that  ice  was  positive  against  all  the  substances  he 
tried,  e.g.  steel,  brass,  glass,  dust  in  the  air,  etc. 


1  )     Faraday,  Experimental  Researches,  II.  p.  106. 

2)  Elster,  Wied.  Ann.  6,  P-  553.  1879. 

3)  Sohncke,  Wled.  Ann.  23.  P-  550.  188Ö. 
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Experiment  7//.-  Tlie  contact  of  hot  and  cold  air.  A  piece  of 
lighted  candle  was  placed  on  the  insulator,  so  as  to  serve  as  a 
collector.  When  a  gas  flaîne  was  brounht  near  it,  the  electrometer 
showed  a  negative  electriticati(Hi,  amounting  to  10  divisions  or  more. 
When,  however,  the  gas  was  opened  unlighted,  no  electrification  was 
observed.  Xot  only  the  gas  fiame,  but  the  fiâmes  of  lamp  and  candle, 
and  even  a  heated  piece  of  iron,  produced  the  same  eftect  of  negative 
electrification.  The  same  effect,  thouiih  in  much  less  des"ree,  was 
obtained  when  a  current  of  warmed  air  was  sent  against  the  collector. 
The  o])posite  efiect,  i.e.  j)ositive  electrification  was  obtained,  when  a 
current  of  air  cooled  by  a  freezin"*  mixture,  was  l)lown  aofainst  the 
collector.  These  experiments  show  that  when  two  masses  of  air  at 
difterent  temperatures  are  in  contact  with  each  other,  the  hotter  one 
becomes  negatively  and  the  cooler  one  positively  electrified.  In  order 
to  verify  this  rather  important  conclusion,  I  caused  two  adjoining 
rooms  to  have  temperatures  of  10^  and  20°  respectively,  and  placed 
the  candle  flame  collector  on  the  insulator  iust  near  the  connecting- 
door.  On  slightly  opening  tlie  door,  the  flame  was  at  once  blown 
towards  the  warmer  room,  and  the  electrometer  showed  an  increase  of 
potential,  which  was  precisely  the  result  expected. 

Now  as  is  well  known,  such  experiments  on  statical  electricity 
are  usually  associated  with  a  greater  or  less  degree  of  capriciousness 
and  uncertainty,  and,  I  confess,  my  case  was  no  exception.  It  must 
be  added,  however,  that  the  experiments  were  repeated  over  and  over 
again,  and  that  nearly  all  the  eye  observations  of  the  electrometer 
were  carried  out  by  my  tw(3  assistants,  who  had  not  been  informed  of 
what  I  was  expecting  to  obtain. 

EXPLANATIONS  OF  SEVERAL  PHENOIVIENA. 

In  explanation  of  the  general  distribution  of  atmospheric  elec- 
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tricity,  I  agree  with  Sohncke.  Duly  I  consider  in  udclition,  that  the 
contact  of  warm  and  cold  air,  the  intensity  of  wind,  and  the  amount 
of  dust  are  circumstances  having  no  in-considerable  bearing  upon  the 
phenomena,  especially  upon  the  seasonal  and  diurnal  variations. 
Against  Sohncke's  theory,  it  has  been  objected  that  in  winter  it  is 
not  seldom  that  the  isothermal  of  0°  does  not  lie  at  all  within  the 
atmosphere,  and  the  explanation  of  the  high  potential  at  a  low 
temperature  much  below  the  freezing  point,  seems  to  present  an 
insurmountable  obstacle  to  the  acceptance  of  this  theory.  Again  that, 
if  an  inversion  of  temperature  occurs,  so  that  the  freezing  point  is 
reached  at  a  cetain  height  from  the  surface,  the  potential  gradient  will 
become  negative,  a  result  utterly  contrary  to  experience. ^^ 

To  the  first  objection  we  may  reply  that  probably  the  isothermal 
of  0°  always  exists  in  the  atmosphere,  when  the  weather  is  calm  and 
the  sky  is  clear.  Some  instances  of  temperature  measurements  in 
balloons,  which  point  to  the  above  conclusion,  may  be  mentioned. 

On  Xov.  10,  1900,  after  a  few  days'  continuance  of  calm  and 
anticyclonic  weather,  and  under  a  perfectly  clear  sky,  Ebert'^  m 
Munich  measured  the  following  temperatures  :  4°.2  at  1975  m. 
(8.5Ga.-9.11a.);  T.l  at  2160  m.;  T.T  at  2275  m.;  0°.5  at  2420  m.; 
-3°.8  at  2890  m.;  -4^7  at  2965  m.  (I0.38a.-10.53a.).  On  Jan.  17, 
1901,  under  similar  conditions,  the  same  observer^^  measured:  -15°.2 
at  the  surface  (524  m.?)  ;  r.2  at  842  m.;  (9.18a.)  ;  r.6  at  995  m.; 
3°.0  at  1275  m.;  4°.4  at  1470  m.  (10.02a.-10.  17a.)  ;  4°.5  at  1550  m.; 
4°.8  at  1650  m.;  3°.8  at  1930  m.;  2M  at  2285  m.;  r.7  at  2375  m.; 
r.7  at  2560  m.;  0°.3  at  2880  m.;  -r.O  at  2930  m.  (0.11p.-0.17p.); 


1)     Elster  u.  Geitel,  Zusaumienstellung  d.  Ergebnisse  neuerer  Arbeiten  ü.  atmosphärische 
Elektricität.  p.  11.  1897. 

<■>)     Ebert,  Sitzungsberichte  d.  mithem.-phys.  Clisse  d.  kgl.  bayer.  Akad.  d.  W.  XXX.  p. 

511.  1900. 

3)     Ibid.  XXXI.  p  35.  ICOl. 
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-1°.9  îit  3005  m.;  -2\2  :it  3105  m.;  ~2\l  at  oO(i()  m.  Again  on  the 
occasion  of  tlie  international  Italloon  ascents  on  .Ian.  10,  11)01,'^  a 
balloon   from    Menna  recorded  tlie  following  temperatures  :   -4°.G  at 
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500  m.;  VrJ  at  1000  m.;  0°.2  at  2000  m.  Another  from  Berlin 
recorded  ;  -8°.6  at  the  starting  ;  0°.0  at  790  m.;  5°.0  at  14(]0  m.;  0°.2 
at  2825  m. 

Of  course  these  will  differ  somewhat  from  the  minimum  tem- 
peratures of  the  day  at  the  respective  altitudes.  But  the  difference, 
I  believe,  will  be  at  most  onlv  a  deijree  or  two  ;  for  accordino-  to 
Hergesell, -^  the  diurnal  variatioris  of  the  temperature  at  higher 
altitudes  are  very  small,  am(3unting,  for  instance,  to  o°  or  -1°  at  800  m., 
when  the  sky  is  clear,  and  much  less  wdien  it  is  overcast.  Also  the 
days  on  wdiich  the  above  mentioned  ascensions  were  made  may  be 
regarded  as  typical  winter  days  with  liigli  pressure  and  severe  frost  on 
the  ground,  so  that  we  may  believe  that  the  atmospheric  conditions 
then   observed   are  normal,  and  not  exceptional.     The  meteorological 


1)  Xiitur."  LXIII.  p.  353.  1901. 

2)  Herj^esell,  l\'termann"s  Geographische  Mitteilungen  Pt.  V.  1900. 


STUDIES  IX  ATMOSPHERIC  ELECTRICITY.  H 

observations  on  Mount  Tsukuba  during  January  and  February, 
1893,'^  point  to  similar  results.  There  the  inversion  of  temperature 
■\vns  observed  mainly  during  the  night  time  when  the  sky  was  clear, 
namely,  when  the  temperature  at  the  lower  regions  Avas  falling  very 
low.  Considering  all  these  circumstances,  I  believe  that  it  is  not  too 
much  to  say  that  under  normal  conditions  a  certain  layer  of  air,  say 
between  800  m.  and  2000  m.  or  oOOO  m.,  has  temperature  above  0°, 
even  if  the  temperature  near  tlie  surface  be  several  degrees  below  0°. 

The  second  objection  has  no  significance.  For,  if  the  general 
distribution  of  atmospheric  electricity  be  already  determined  by  the 
isothermal  of  0^  and  other  circumstances,  and  if  then  the  earth's 
surface  a7id  layer  of  air  near  it  be  gradually  cooled  b}^  radiation,  so 
that  the  temperature  sinks  below  0°  and  there  is  formed  a  second 
isothermal  of  0"",  there  can  be  no  other  result  than  the  augmentation  of 
the  potential  ol  the  air  near  the  ground. 

EFFECT  OF  WIND. 

Strong  wind  is  generally  acccnnpanied  by  a  low  potential. 
Especially  when  the  wind  is  strong  enough  as. to  raise  dust  in  the 
atmosphere,  the  potential  becomes  negative  even  under  a  perfectly 
clear  sky.  (See  Fig.  2.)  It  is  worthy  of  notice  that  the  potential 
remains  positive,  however  violent  the  wind  may  be,  provided  the 
ground  be  wet  with  the  previous  précipitât iori  and  in  consequence  the 
dust  does  not  rise  in  the  atmosphere. 

We  may  explain  the  phenomena  by  considering  that  the  friction 
of  dust  particles  on  terrestrial  objects  gives  a  negative  charge  to  the 
former  and  a  positive  to  the  latter,  as  Experiment  I  shows. 

The  following  instances  are  picked  out  of  the  Report. 


1)     Annual  Report  of  the  Central  Meteorological  Observatory  of  Japan  for  the  Year  1893. 
Pt.  II,  p.  62. 
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Jan.       2.      N.    stnjiiLi'  wind, 
Jan.     1().      X.    stronu'  wind, 


Feb. 


<j:a\e  at  M.  X., 


Feb.       7.     W.    strong  wind, 
Feb.     11.  X.W.  gale, 
Mar.       5.      N.    gale  3p. 


Mar. 

(). 

X. 

gale  -5a. 

Mar. 

10. 

gale, 

Mar. 

11. 

gale. 

Mar. 

i;5. 

gale, 

Mar. 

24. 

gale. 

Mar. 

31. 

gale. 

April 

7. 

X. 

gale, 

April 

10. 

gale, 

April 

11. 

X. 

strong  wind. 

April 

22. 

strong  wind. 

April 

31. 

s. 

strono-  wind. 

Mav 

2. 

s. 

strong  wind. 

May 

7. 

8. 

gale. 

May 

15. 

S. 

strong  wind, 

May 

22. 

X.W 

■    §''"^^^5 

May 

28. 

s. 

strong  wind. 

May 

29. 

s. 

strong  wind, 

June 

2. 

strong  wind. 

June 

21. 

s. 

strong  wind. 

Oct. 

30. 

x.w. 

,  gale  from  eve.. 

Oct. 

31. 

x.w, 

.  ""ale. 

potential  neg.  10a.-ll:i. 

j)otcntial  low  but  pos.  (.sv/o/r  on  14tJt 
mill  on  lôtJi.) 

potential  low  but  pos.  (rain  on  1st, 
^nd.) 

potential  neg.  lla.-3p. 

potential  neg.  10a.-4p. 

potential  pos.  (^rain  on  dtli,  ötli.) 

potential  pos.  and  nearly  constant. 

potential  pos.  (rain  on  9t]i,  lOtli.) 

potential  pos. 

potential  neg.  9a. -3  p. 

potential  neg.  9a. -5p. 

potential  pos.  -4  at  4p.  (rain on  30th.) 

potential  neg.  2p-5p.  (raiti  oil  6th.) 

potential  pos.  l)ut  low  towards  after- 
noon. (Jieav}/  rain  on  9tli.) 

potential  neg.  lp.-5p. 

potential  neg.  2p.-4p. 

potential  neg.  0p.-5p. 

potential  neg.  9a. -3p. 

potential  neg.  Op.- 

potential  neg.  8a. -5 p. 

potential  neg.  0a.-5p. 

potential  neg.  10a. -5 p. 

potential  neg.  lla.-2p. 

potential  neg.  lla.-3p. 

potential  neg.  Op.-Gp. 

potential  neg.  8p.- 

potential  neg.  0a.-4a.,  9a.- 1  p. 
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Nov.  18.      X.    gale, 

Nov.  25.      X.    gale, 

Dec.  27.  X.AY.  gale, 

Dec.  29.      X.    gale, 


potential  positive,  but  low    towards 

afternoon,  (rain  on  17th.) 
potential  low  but  pos.  (min  on  24t]i.) 
potential  neg.  10a.-4p. 
potential  neg.  .3p.-4p. 


EFFECT  OF  FOG  AND  HAZE. 

Mornings  with  fog  or  haze  are  generally  characterized  by  a  high 
potential  with  energetic  fluctuations.  (See  Fig.  o.)  Sometimes 
there  are  no  sensible  effect,  and  this  we  find  mostly  in  cases  when  the 
ground  is  wet  through  previous  precipitation.  (See  Fig.  4.  and  5.) 
AYe  may  think  that  when  the  ground  is  dry,  the  particles  of  water 
become  electrified  positively  with  respect  to  the  earth,  while  if  the 
ground  be  wet,  no  electrification  is  produced. 

A  few  instances  are  adduced. 

Mornings  Avith  fog  :  — 

April      6.  potential  high  ; 
June   29.   potential  high  ; 
July    26.  potential  very  high  ; 
Oct.       4.  potential  normal  ; 
Xov.    20.  potential    low    (rain    on 

Will)  ; 
Dec.      9.  potential  high  ; 


Jan.  8.  potential  very  high 

June  18.  potential  high  ; 

July  25.  potential  high  ; 

July  27.  potential  very  high 

Oct.  30.   potential  very  high 


Dec.       3.  potential  high  ; 

Dec.     10.  potential  high. 

Morniniifs  with  haze  :  — 

Jan.     23.  potential  very  high  ; 

Feb.     12.  potential  very  high  ; 

April      8.  potential  high  ; 

Dec.     10.  potential  liigh. 


Feb.  5.  potential  very  high  ; 
Feb.  13.  potential  very  high; 
April  23.  potential  very  high  ; 


14  AUT.  7— Y.  HOMMA: 

EXCESSIVELY  HIGH  POTENTIAL. 

If  "we  pick  out  the  days  on  which  the  potential  was  excessively 
hiofh,  we  see  tliat  thev  are  almost  always  days  on  which  the  teni- 
perature  was  excessively  low.  This  result  is  not  difficult  to  explain, 
for,  as  we  have  seen,  the  cold  air  will  be  positively  electrified  by 
contact  with  the  warm  air. 

Here  are  a,  few  instances. 

Jan.  o.  ()a.-12p.  clear  temp.  low. 

Jan.  S.  Oa.-8p.  cloudy  temp.  low. 

Jan.  10.  4a.-12p.  fair  temp.  low. 

Jan.  ^^.  7p.-27.  11a.  cloudy  temp.  low. 

Jan.  28.  7p.-29.  (Ja.  cloudy  temp.  low. 

Feb.  5.  Ga.-G.  On.  clear  temp.  low. 

Feb.  8.  0a.-12p.  fair  temp.  low. 

Feb.  y.  Oa.-lla,  8p.-llp.    fair  temp.  low. 

Feb.  13.  Oa.-lOa.  clear  temp,  verv  low. 

Mai'.  G.  Op.-  clear  temp.  low. 

Mar.  14.  G:i.-12p.  fair  temp,  low. 

Mar.  24.  5a.-12p.  clear  temp.  low. 

Mar.  25.  Oa.-Gp.  fair  temp,  normal. 

Mar.  2Î).  0a.-12p.  foir  temp.  l.)w. 

A])r.  1.  ('a.-lp.  cloudy  temp,  normal. 

Apr.  8.  Oa.-9a.  clear  temp.  low. 

Apr.  23.  On. -8a.  clear  temp.  low. 

May.  23.  Oa.-lp.  cloudy  temp.  low. 

May.  2G.  0a.-12p.  clear  temp.  low.  except  7a. -4]). 

Oct.  15.  4a.-12p.  cloudy  temp,  normal. 

Oct.  20.  0a.-12p.  clear  temp.  low. 

Oct.  30.  0a.-3p.  fair  temp,  normal,  dense  fog. 
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N"ov. 

2. 

0a.-12p. 

clear 

temp.  low. 

Nov. 

o 

0a.-12p. 

clear 

temp,  normal 

Nov. 

14. 

0a.-12p. 

clear 

temp.  low. 

Nov. 

30. 

Oa.-lla. 

foir 

temp.  low. 

Dec. 

9_ 

5a.-12p. 

fair 

temp.  low. 

Dec. 

18. 

Oa.-lOa. 

clear 

temp.  low. 

Dec. 

19. 

0a.-12p. 

fliir 

temp.  low. 

Dec. 

30. 

5a.-lla. 

clear 

temp.  low. 

EFFECT  OF  RAIN. 

When  the  rain  is  moderate  and  the  drops  fine,  the  potential  keeps 
very  low  positive  values  with  only  slight  variations.  When  a  down- 
pour takes  place  with  sufficient  violence,  the  potential  becomes  at  once 
negative,  and  exhibits  very  irregular  and  energetic  variations.  As 
soon  as  the  violence  of  the  rain  diminishes,  the  potential  regains  its 
positive  value.  (See  Fig.  6.)  These  phenomena  can  all  be  explained 
in  accordance  with  Lenard's  investigation  on  the  electricity  of 
waterfalls.''  Lenard  prt^ved  by  a  series  of  the  most  conclusive  experi- 
ments, that  when  a  stream  of  pure  water  falls  upon  a  metallic  or 
other  conductors  previ(3usly  moistened,  the  water  droplets  splashing 
in  all  directions  become  positively,  and  the  air  near  them  negatively 
electrified.  There  is  no  difficulty  in  applying  this  result  to  explain 
the  negative  potential  in  the  case  of  a  steady  down-pour  of  rain.  The 
summer  rain  gives  sometimes  a  positive  as  well  as  a  negative  potential 
with  violent  variations.  This  is  no  doubt  due  to  the  proper  charge 
of  the  rain  drops,  whose  formation  is  probably  something  different 
from  that  in  the  case  (;f  the  usual  cyclonic  precipitation.  Usually  a 
peal  or  two  of  thunder  will  be  heard  on  such  an  occasion. 

1)     Lemrd,  Wied.  Ann.  46.  ISQ-J. 
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EFFECT  OF  SNOW. 
In  the  case  of  a  snowlall,  the  variation  is  much  more  reo-ular, 
though  no  less  energetic,  (hiin  in  the  case  of  rain.  The  potential  now 
increases  in  the  positive  direction,  tlien  decreases  to  zero  and  to 
extreme  negative  values,  and  then  back  again,  etc.  (See  Fig.  7.) 
Whence  may  come  such  a  quasiperiodic  nature  ?  As  a  matter  of  fact, 
the  snowfall  is  attended  with  a  greater  or  less  periodicity  ;  thus  during 
one  interval,  there  will  be  a  heavv  fall  of  fine  snow  :  durinsf  next 
time  the  violence  decreases  and  there  will  fall  only  scattered  flakes. 
May  not  this  fact  have  some  connection  with  the  above  described 
manner  of  variation  ?  On  Feb.  25,  1901,  there  was  a  steady  snow- 
fall in  tlie  afternoon,  and  at  2  p.m.,  I  measured  the  potential  of  the 
air  outside  the  laboratory,  and  f^iind  it  to  be  positive.  At  4  p.m.  the 
fall  began  to  be  scanty,  and  at  4.20  p.m.  the  potential  was  again 
measured,  and  was  found  to  have  a  very  great  negative  value. 
Since  this  was  the  only  occasion  I  experimented  on,  it  is  unsafe  to 
draw  any  conclusion  from  it,  and  1  hope  to  make  similar  observations 
on  the  next  available  occasion. 

ABNORWAL  INDICATIONS. 

There  were  two  remarkable  instances  (see  l^L.  LV)  in  which 
the  potential  showed  abnormally  great  variations  in  b(3th  directions, 
positive  and  negative,  while  there  was  no  precipitation,  no  tliunder  and 
no  lightning.  On  May  2(),  a  little  before  4  p.m.  the  potential  began 
to  decrease  suddenly,  reaching  extreme  negative  values  at  and  near 
4  p.m.  Then  it  began  to  rise  Jind  crossed  the  zero-line  at  4.20  p.m. 
and  then  as  suddenly  increased  t(j  i-eacli  its  extreme  ])Ositive  value  a 
little  before  5  p.m.  It  then  began  to  decrease,  became  negative  again 
at  and  near  5.30  p.m.,  and  then  increased,  and  recovered  its  usual 
course  at  (i  p.m. 
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Now  the  température  tit  those  hours  wus:  22°.7  at  o  p.m.  ;  21°.9 
at  4  p.m.  ;  18°. 7  at  5  p.m.  ;  17°.7  at  G  p.m.  The  thermograph 
preserved  in  tlie  Central  Meteorological  Observatory  shows  a  sudden 
decrease  of  temperature  from  4.00  p.m.  to  4.30  p.m.  The  wind  was 
NNW  4. G  at  4  p.m.  and  E  6.7  at  5  p.m.  Thus  we  see  that  at  about 
4  p.m.  a  cold  current  of  air  suddenly  came  from  the  east.  The 
negative  potential  at  first  observed  was  then  the  effect  of  the  negative 
electrification  of  the  previously  existing  warmer  air,  and  the  positive 
potential  afterwards  observed,  of  the  positive  electrification  of  the 
comino;  colder  air  on  mixins;  with  the  former. 

Again   on   Dec.   2G,   the  potential  began  to  get  very  high  from 

1  p.m.  and  was  quite  out  of  the  paper  at  1.30  p.m.  It  began  to 
decrease  and  crossed  the  zero  line  at  about  2  p.m.,  and  became 
negative,  and  then  gradually  returned,  till  at  3  p.m.  it  had  recovered 
its  usual  course,  though  much  lower  than  it  had  kept  before. 

The  temperature  was   5°.0  at  noon  ;   5°.3  at   1  p.m.;   11°.7  at 

2  p.m.  ;  11°.9  at  3  p.m.  The  thermograph  shows  a  sudden  increase 
of  temperature  from  about  1.45  p.m.  to  2.00  p.m.  The  wind  was 
NNW  2.0  at  1  p.m.  ;  WNW  3.0  at  2  p.m.  ;  SW  7.4  at  3  p.m. 
Thus  we  see  that  at  about  1.45  p.m.  a  warm  current  of  air  came  from 
SW.  The  positive  indications  at  first  observed  were  no  doubt  the 
consequence  of  the  positive  electrification  of  the  colder  air  previously 
existing,  and  the  negative  indications  afterwards  observed,  of  the 
negative  electrification  of  the  newly  arrived  warmer  air  on  mixing 
with  the  former. 

CONCLUSIONS 

A  summary  of  the  principal  conclusions  obtained  from  the  above 
considerations  is  added  here. 
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1.  The  negative  potential  observed  during  strong  wind  is 
entirely  due  to  the  negative  electrification  of  the  dust  raised  and 
carried  in  the  atmosphere,  by  friction  with  terrestrial  objects. 

2.  Similarly  the  high  potential  observed  during  fog  or  haze  is 
due  to  the  positive  electrification  of  the  Avater  particles  composing  it. 

3.  When  a  mass  of  cold  air  comes  in  contact  with  a  mass  of 
warm  air,  the  former  bec<jmes  positively  electrified  with  respect  to  the 
latter.  This  fact  is  probably  one  of  the  causes  which  determine  the 
normal  distribution  of  the  electric  field  in  the  atmosphere.  Also  it 
may  account  for  the  fact  that  an  abnormally  high  potential  is  generally 
accompanied  by  an  abnormally  low  temperature. 

4.  The  invariably  high  potentials  at  or  near  sunrise  are 
probably  due  to  the  fact  that  the  air  lying  near  the  surface  has  then 
;i  temperature  lowev  than  that  of  the  air  above  it,  and  becomes,  in 
consequence,  positively  electrified. 

5.  When  two  masses  of  îiir  at  different  temperatures  happen  to 

be   mixed   suddenly,   the  elecric  field   is   violently  disturbed.      The 

disturbances  are,  however,  just  such  as   are   in  accord  with  the  fact 

stated  in  3. 

In  conclusion,  I  wish  to  express  my  great  indebtedness  to  Dr.  K. 

Nakamura,   director  of  the    Central  Meteorological  Observatory,    by 

whose  kind  permission,  I  have  been  able  to  examine  several  original 

records  preserved  in  that  observatory.     The  copies  of  photographs  are 

also   reproduced   here  through   the  courtesy   of  that  gentleman.     I\ly 

best  thanks  are  due  to  Professor  Tanakadate  and  to  Professor  Nagaoka 

of  the  Tokyo  University,  who  were  kind  enough  to  give  me  valuable 

sufrsfestions,   and  to  favour  me   with  access  to  the  literature  of  the 

subject. 

Physical  Laboratory,  First  High  School. 
T(3kyo. 
November,   11)01. 


PLATE  I. 


Fig.  1  represents  a  normal  type  of  the  potential.  The  weather  was  clear,  with 
light  to  moderate  winds. 

Fig.  2  represents  a  case  of  the  potential  disturhed  by  a  gale.  On  Apr.  11, 
1901,  NNW  gale  prevailed  with  the  following  intensities:  13.2  at  11  a.  m.,  12.G  at 
noon,  12.G  at  1  p.  m.,  11.7  at  2  p.  m.,  13.0  at  3  p.  m.,  9.9  at  4  p.  m.,  11.7 
at  5  p.  m.,  7.G  at  G  i\  ra.,  G.7  at  7  p.  m.,  etc. 


PLATE  II. 


Fig.  3  represents  a  very  hif^li  potential  on  the  occasion  of  a  lia^e.  The 
weatlicr  was  exceedingly  calm  with  perfectly  cloudless  sky.  There  was  a  thick 
haze  from  8  a.  m.  to  11  a.  m.  on  the  18th. 

Fig.  4  represents  a  case  of  the  potential  undisturhcd  by  a  haze.     On  Oct.  14, 

1900,  there  was  a  light  rain  in  the  afternoon,  which  ceased  at  2.55  p.  ra.  On  the 
morning  of  the  15th,  the  weather  was  clear  and  calm^  and  the  surface  was  very  wet. 
There  was  a  tliick  haze  from  7  a.  m. 

Fig,  5  represents  a  case  of  the  potential  undisturbed  by  a  fog.     On  Jan.  21, 

1901,  there  was  rain  in  the  morning,  which  became  light  from  2.10  p.  m.  and  ceased 
at  3.40  p.  m.  There  were  also  some  showers  in  the  night.  On  the  morning  of  the 
22nd  there  was  a  fog. 
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PLATE  III. 


Fig.  G  represents  a  case  of  the  potential  disturbed  by  rain.  On  the  night 
of  April  27,  1897,  rain  began  to  fall  from  9.50  p.  m.  and  continued  to  the  morning  of 
the  28th.  There  was  a  heavy  fall  between  5.10  a.  m.  and  0  a.  m.,  on  the  28th. 
It  ceased  completely  at  9.  10  a,  m. 

Fig.  7  is  a  case  of  snowfall.  On  Jan.  21,  1900,  snow  began  to  fall  at  6.15  a.  m., 
continuing  all  the  day,  until  at  6.30  p.  m.,  the  fall  began  to  decrease  and  was  ac- 
companied by  rain.     The  precipitation  ceased  completely  at  9.55  p.  m. 


PLATE  IV. 


This  represents  two  cases  of  abnormal  variations.  The  constant  determinations 
are  represented  in  both  cases,  each  corresponding  to  100  volts.  The  dotted  lines 
represent  the  variation  of  the  temperature. 
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§   1.     Introduction. 

§  2.     Magnetization  of  steel,  nickel,  cobalt,  and  nickel  steels. 

§  3.     Apparatus  for  measuring  change  of  length  by  magnetization. 

§   4.     Change  of  length  by  magnetization  in 

(a)  Steel  ovoid, 

(b)  Nickel  ovoid, 

(c)  Cobalt  (cast  and  annealed)  ovoids, 

(d)  Keversible  nickel  steel  ovoids  containing   46%,    S6%,    29^, 
25%  of  nickel, 

(e)  Eeversible  nickel  steel  wires  containing  45%,  35%  of  nickel  in 
low  fields. 

§  5.  Effect  of  longitudinal  stress  on  tlie  magnetization  of  cobalt  and  nickel 
steels  and  the  relations  reciprocal  with  the  change  of  length. 

§  0.  Change  of  volume  by  magnetization  in  steel,  nickel,  cobalt,  and  nickel 
steel  ovoids. 
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§  7.     Wiedeiuanu  effect  in  nickel  steels. 
§  8.     Summary  of  the  results. 

§  1    Introduction. 

In  the  course  of  our  researches  on  magnétostriction' Njf  différent 
ferromagnetic  hodies,  questions  of  various  character  presented  them- 
selves, both  witli  regard  to  the  method  of  measurement  and  the 
nature  of  the  sample.  The  minuteness  of  the  effect  called  forth  pre- 
cautions against  diverse  sources  of  error,  such  as  the  non-h(jmogeneity 
of  the  magnetic  field,  and  the  mechanical  force  arising  therefrom, 
the  non-uniformity  of  temperature,  a  slight  disturbance  of  which  Avas 
in  most  cases  sufficient  to  mask  the  strain,  which  we  were  seeking 
after.  All  those  different  sources  of  error,  however  intricate  they  may 
at  first  appear,  can,  by  properly  arranging  the  measuring  appai-atus, 
be  eliminated.  The  method  of  observins:  the  chancre  of  length  and  of 
volume,  which  we  have  already  described  in  our  former  papers,  and 
the  agreement  of  the  results  obtained  in  different  experiments  witli  the 
same  sample  will  Ije  a  sufficient  warrant  for  the  soundness  of  the 
apparatus  and  the  method  ( )f  measurement. 

Apart  from  such  instrumentalities,  the  diversity  in  the  character 
of  magnetostriction  wit li  different  samples  is  hardly  to  be  avoided. 
Experiments  by  Uhoads"-'^  with  rolled  or  stretched  sheets  of  ir<^n 
sufficiently  prove  how  the  treatment  of  ferromagnetic  bodies  has  great 
influence  on  the  change  of  length  accompan\'ing  the  magnetization. 
In  our  farmer  experiment  on  the  magnetostriction  of  iron,  steel,  and 
nickel,  the  soft  iron  was  what  niay  be  practically  considered  homo- 
geneous, lujf  the  nickel  ovoid  was  turned  into  shape  from  a  thick  ])late. 
It  thus  seemed  advisable  to  repeat  the   experiments  with  more  homo- 

1)  Xagaoka  and  Honda,  Journ.  Sc.  Coll.  9.  253,  189S  ;  13,  r.7,  1900  ;  13,  2r,3,  1900. 

2)  Rhoads,  Phys.  Rev.  7,  Ö5,  1898  ;  Phil.  Mag.  Nov.,  1901. 
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geneous  metaJs.  In  addition  to  this,  our  investigation  did  not  include 
the  magnetostriction  in  cobalt,  the  only  specimen  hitherto  examined 
being  an  ovoid, '^  which  was  broken  in  two  pieces,  and  firmly  fixed 
together  by  wrapping  thick  paper  over  the  broken  edge.  Unlike  other 
experimenters,  we  tested  cobalt  in  the  present  investigation  in  the 
c:ist  and  annealed  states,  and  found  an  extraordinary  difference  in  the 
change  of  length. 

The  curious  pr(3perty  of  irreversible  nickel  steel  as  regards  magne- 
tization was  known  for  a  long  time  by  the  beautiful  experiment  of 
Hopkinson.  The  question  of  magnetostriction  in  reversible  nickel  steels 
was  a  tempting  subject  for  investigation,  especially  in  connection  w^ith 
the  remarkably  small  thermal  expansion  possessed  by  the  metal,  and  its 
practical  utility  in  the  construction  of  scales  and  other  instruments, 
which  must  not  be  affected  by  variations  of  temperature.  Moreover 
it  was  verv  interesting  to  examine  the  nature  of  the  magnetostrictions 
in  nickel  steel,  as  it  is  composed  of  two  substances,  whose  length 
changes  by  magnetization  are  of  opposite  characters  in  weak  fields, 
but  similar  in  strong.  A  simple  conjecture  might  suggest  that  the 
changes  produced  by  magnetization  are  according  to  the  relative  pro- 
portion of  the  magnetostriction  of  the  constituents,  but  the  pheno- 
menon is  of  a  much  complex  character. 

Associated  with  the  chano-es  of  leno-th  and  of  volume,  comes  the 
Wiedemann  effect,  which  is  measured  by  the  amount  of  torsion,  caused 
bv  interaction  of  circular  and  lonoitudinal  mao-netizations.  The 
measurement  of  the  effect  in  cobalt  must  at  present  be  postponed,  as 
the  metal  can  not  be  Ijrought  to  a  geometrical  shape  suitable  for  ex- 
periment, on  account  of  its  brittleness.  Investigation  of  the  effect  in 
nickel  steel  of  different  percentages  presents  a  phenomenon  of  the  same 

1)     Nagaoka,  Wied.  Ann.  53.  487,  189i  ;  Rapports  présentés  an  Congrès  de  Pliysique,  Paris 
2,  538,  I'JOO,     For  literature  on  magnetostriction,  see  Rapports. 
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as|)ect,    as   ior  the  length  cliange,  and  tlie  sense  of  tAvist   is  the  same 
as  that  of  iron  in  weak  fields. 

A  singular  characteristic  of  magnetostriction  is  its  reciprocity 
with  the  eftect  of  stress  on  the  maj^netization  of  diiterent  ferromaofne- 
tic  substances.  In  the  present  instance,  we  have  tin*ned  our  attention 
especially  to  cobalt  and  nickel  steels.  As  will  Ije  expected  from  the 
nature  of  the  length  change,  the  former  metal  is  characterized  by  the 
existence  of  a  minimum  point  closely  analogous  to  that  bearing  the 
name  of  ^' illari  for  iron,  while  with  the  latter,  the  eftect  of  the  longi- 
tudinal pull  always  results  in  an  increase  of  magnetization.  The 
parallel  statements  giving  the  correlation  between  the  magnetization 
and  the  torsion,  first  introduced  by  G.  Wiedemann,  can  thus  be  ex- 
tended to  other  effects  of  stress  and  the   strain   resultin«:   from   the 

a 

maofnetization. 

The  present  paper  is  limited  to  the  mere  description  of  the  ex- 
perimental investigation,  the  theoretical  discussion  being  reserved  for 
future  consideration. 

§  2.    Intensity  of  Magnetization. 

In  all  of  our  measurements,  we  noticed  the  chano^e  of  dimensions 
by  magnetization  and  the  strength  of  the  field  H  (H  =  H'  — NI,  where 
H'  is  the  external  field,  X  the  demagnetizing  factor,  and  I  the  inten- 
sity of  magnetization).  It  will  therefore  not  be  out  of  place  to  make 
a  digression  on  the  magnetization  of  the  ferromagnetic  substances 
here  examined,  in  order  to  enable  us  to  examine  the  various  changes 
considered  as  functions  of  the  intensity  of  magnetization. 

The  followinof  table  o:ives  the  dimensions  as  well  as  the  demas^ne- 
tizing  factor  N  of  the  ovoids  examined  in  the  present  experiments. 
<(   :   Semi-minor  axis  of  the  ovoid. 
c  :    Semi-axis  of  rotation  of  the  ovoid. 
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r   :    \'olinue  of  llie  ovoid. 
f'   :   Density  „     „        „ 


No. 

Metal. 

a  (cm.) 

c  (cm.) 

r  (c.cm.) 

r 

N 

1 

steel 

0.493 

10.00 

10.40 

7.85 

0.0836 

2 

nickel 

0.493 

10  00 

10.40 

8.87 

0.0836 

3 

cast  cobalt 

0.493 

10.00 

10.38 

8.26 

0.0836 

4 

annealed  cobalt 

0.495 

10.02 

10.52 

8.20 

0.0836 

5 

nickel  steel  (46%  Ni) 

0.494 

10.01 

10.45 

8.15 

0.0836 

6 

„     (36%  Ni) 

0.496 

]0.01 

10.48 

8.11 

0.0836 

7 

„     (29%  Ni) 

0.492 

10.01 

10.43 

8.12 

0.0835 

8 

„     (25%  Ni) 

0.494 

10.02 

10.40 

8.05 

0.0836 

The  difference  in  the  volume  of  the  ovoids  is  to  be  attributed 
to  the  slight  deviation  from  the  exact  geometrical  shape. 

As  most  specimens  of  cobalt  contain  more  or  less  nickel,  the  cast 
and  the  annealed  samples  of  the  metal  were  subjected  to  chemical 
analysis,  with  the  following  results,  for  which  our  thanks  are  due  to 
Mr.  T.  Suzuki,  student  in  the  chemical  department  of  the  University. 


Cast 

cobalt. 

Annealed  cobalt. 

Co 

93.86 

Co 

92.74 

Ni 

5.05 

Ni 

4.07 

Fe 

1.20 

Fe 

1.07 

C 

1.38 

C 

1.64 

Si 

0.39 

Si 

0.28 

Cu 

0.17 

Cu 

0.15 

Mn 

0.12 

Mn 

0.04 

The  specimen  is  not   very   pure,  containing   a  small   percentage 
of  nickel  as  an  impurity. 
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'llu'  iiuiornetizatioiï    was  liuiunetometricallv  deterinined  with  the 


Ibllowino:  results 


Steel. 

(cast) 

Nickel. 

Cobalt. 

(cast) 

H 

I 

H 

I 

H 

I 

0.8 

44 

1.0 

14 

2.7 

30 

1.8 

135 

2.7 

76 

5.6 

83 

1.6 

319 

5.5 

189 

14.7 

274 

3.1 

633 

7.8 

198 

19.4 

340 

7.4 

878 

11.7 

252 

80.0 

467 

23.0 

1122 

18.2 

814 

44.7 

572 

140.0 

1433 

38.8 

877 

89.8 

778 

302.0 

1555 

59.9 

426 

256.3 

984 

511 

1627 

115.9 

459 

473.6 

1080 

•   ■  598 

1644 

482 

484 

648 

1119 

672 

1648 

796 

486 

720 

1136 

Cobalt,  {i 

mnealed) 

Nickel  steel(46%). 

Nickel  Steel  (36%). 

Nickel  Steel  (29%). 

H 

I 

H 

I 

H 

I 

H 

I 

3.6 

4 

0.9 

86 

1.7 

38 

1.2 

24 

13.4 

22 

2.7 

102 

4.8 

134 

2.6 

81 

22.4 

88 

4.2 

241 

9.4 

852 

6.4 

139 

42.6 

90 

6.2 

465 

14.6 

524 

18.8 

188 

11. î) 

188 

16.9 

926 

30.4 

720 

24.7 

224 

194.9 

867 

35.5 

1108 

85.5 

900 

46.2 

243 

281.0 

489 

119.7 

1274 

150.1 

984 

68.8 

249 

864.8 

527 

231.3 

1308 

261.5 

958 

140.2 

256 

460.8 

568 

880.0 

1823 

867.4 

962 

824.7 

264 

617 

633 

557 

1833 

510 

971 

575 

273 

788 

699 

778 

1845 

818 

992 

893 

280 
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The  curves  of  niugiietization  are  represented  in  Fig.  1,  PI.  I.  The 
most  magnetic  of  the  ferromagnetic  metals  here  examined  is  cast  steel, 
whose  magnetization  comes  very  near  to  that  of  soft  iron.  Of  the 
two  kinds  of  cobalt,  the  cast  specimen  is  nearly  midway  between  steel 
and  nickel  ;  but  with  annealed  specimen,  the  susceptibility  is  small  in 
weak  fields,  and  less  than  in  nickel,  but  tlie  differential  susceptibility 
(  ^,  j  is  greater  in  the  strong,  so  that  the  intensity  of  magnetiza- 
tion becomes  ultimately  greater  than  in  nickel. 

Of  the  three  kinds  of  reversible  nickel  steels,  the  46%  Ni  speci- 
men approaches  steel,  the  06%  Ni  lies  near  cast  cobalt,  and  the  29% 
Ni  is  less  magnetic  than  pure  nickel.  The  magnetization  reaches 
asymptotic  value  in  fields  less  than  those  for  steel  or  cobalt.  The 
25%  specimen  is  only  feebly  magnetic,  so  that  its  magnetization  is 
scarcely  to  be  detected  by  the  magnetometer.  There  we  notice  the 
singular  fact,  that  the  intensity  of  magnetization  in  nickel  steel  is 
not  proportional  to  that  of  the  constituent  metals. 

§  3.    Description  of  the  Apparatus  for  Measuring 
Changes  in  Length. 

The  vertical  and  horizontal  projections  of  the  apparatus  are 
represented  in  Figs,  a  and  h.       The  essential  part  consists  of  a  stout 


Fig.  a. 
I, 


-4 


\ 


Fia:,  h. 


brass  bar  53  cm.  long,  1  cm.  broad,  and  1.1  cm.  high.     It  is  ])rovided 
with  three  levelling  screws  1,  L,  I3.     A  carefully  polished  V-groove  is 
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cut  uloiiii,'  the  ]j:ir  ;   tlie  iiToovc  is    .slii;htlv  witleiied    ;it    tlic    iniddlt*    of 
the   bar,  so  as  to  allow  tlie  ovoid   o   to  be  so  placed   that   the  line  of 
its  axis  ])asses  throug'h  the  centre  of  the  optical  lever  (a).      A  small 
rectangular    brass   pillar  p  is  erected  at  one  corner   of  the  bar.     A 
small  vertical  \' -groove  is  cut    in    it,    and  on    this    two   points  of  tlie 
optical  lever  rest.     The  lever  is  a  small  rectangular  piece  of  brass  Mdth 
three   steel  points,  of  which  two  rest  on  the  pillar  p,  and   the  remain- 
ing one  is  in  the  same  line  as  the  axis  of  the  ovoid,  and  rests  on  small 
plane  glass  plate,  which  is  fixed  to  the  end  of  the   mcjvable    brass   rod 
/>.     The  lever  arm  is  e<[ual  to  1.168  mm.      Preliminary  testing  shou' 
ed  that  the  relative   positi(.^ns   <jf  these   three   steel    points   were   not 
directly  affected  by  the   magnetizing  force.      The   lever   is    pulled  on 
both  sides  by  small  spiral  springs  of  hard  brass   wire.     These   springs 
can  be  adjusted  by  slide  arrangements,  so  that  the  lever  turns  its  two 
points  about  on  p,  without  being  pushed  out  by  the  displacement  of 
the  ovoid.     The  reflecting  face  of  the  prism  F  attached  to  tlie   lever 
was  silvered.     The  o-reatest  difficultv  in  the  measurement  of  changfe  of 
length  by  magnetization  arises  from  the  temperature  chfinges  produced 
by  the  magnetizing  current.       The   temperature   effect   can,  however, 
be  greatly  compensated  for   l)y  applying  the  principle  of  the  gridiron 
pendulum.       This   end   was   achieved   by   using  zinc  rods  of  suitable 
length,  so  that,  in  any  combination,  the  total  expansion  due  to   small 
changes  of  temperature  in  particular  lengths   of   zinc   and   the   ovoid 
was  equal  to  that  in  a  particular  length  of  brass.      Zinc   rods    5  mm. 
thick  were  carefully  turned  on  a  lathe  and  cut  into  proper  lengths. 

A  brass  rod  (/>)  5  mm.  thick  is  placed  in  contact  with  the  zinc  rod 
{z).  At  the  end  of  the  lirass  rod,  a  plane  glass  plate  is  attached,  so 
that  the  steel  point  of  the  lever  comes  in  contact  with  it.  At  the  other 
extremity  of  the  row  of  rods  and  the  ovoid  is  a  st(j]).  It  consists  of  a 
triangular  prism  of  brass  to   which  a   brass  rod  (d)    5   mm.   thick  is 
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attached.  The  prisai  lits  in  the  V-gro(jve,  and  is  fixed  tightly  hy 
means  of  a  clamping  screw  c.  To  adjust  the  length  he,  it  is  provided 
with  a  sHt  g.  The  screw  c  can  be  fixed  at  any  part  of  the  slit,  and  the 
position  of  the  movable  system  can  be  so  adjusted  that  the  plane  of  the 
lever  is  perpendicular  to  the  axis  of  the  system.  The  slight  push 
exerted  by  the  springs  s^  s.2  on  the  movable  system  prevents  the  play  of 
différent  parts  among  one  another,  and  was  sufficient  to  overcome 
friction  during  the  displacement  of  the  system. 

The  ovoid  was  placed  inside  a  solenoid  30  cm.  long,  which  lay  in 
a  horizontal  position  magnetic  east  and  west.  The  resistance  of  the 
solenoid  was  0.63  <J,  and  gave  a  field  of  37.97  C.G.S.  units  for  a  cur- 
rent of  one  ampere.  The  internal  diameter  of  the  solenoid  was  3.2  cm. 
and  no  part  of  the  measuring  apparatus  came  in  contact  with  it. 
Care  was  taken  to  place  the  apparatus  along  the  axis  of  the  solenoid, 
and  so  to  place  the  ovoid  that  its  centre  coincided  with  that  of  the 
solenoid. 

The  optical  arrangement  for  measuring  the  change  of  angle  of 
the  optical  lever  is  shown  in  Fig.  c.     A  fine  glass  thread  t  is   placed 


Fier.  c. 


^ 


X. 


W 


vertically  in  the  focus  of  a  collimator  c,  and  illuminated  by  a  gas 
lamp.  The  ray  after  passing  the  lens,  is  refiected  by  a  right  angled 
prism  2>  attached  to  the  lever.  The  ray  then  traverses  an  achromatic 
lens  L  (focal  length=  06.95  cm.).     The  image  of  the  glass  thread  is 
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then  (jb.served  by  nicaii.s  of  :i  inicroscope  provided  with  uiicrometer 
ocular.  l>y  using  filar  micrometer,  the  accuracy  of  tlie  measurement 
may  be  increased  several  times,  but  it  was  found  (|uite  superfluous. 
One  division  of  the  micrometer,  the  tentli  of  whicli  can  be  easily  esti- 
mated, was  equivalent  to  an  elongation  of  4.35  x  10~^ 

Fig.  c  shows  the  horiz(3ntal  plan  of  the  arrangement  while  the 
perspective  view  is  given  in  Fig.  d. 


Figr.  d. 


i  4.    Change  of  Length  in  Differenl  Ferromagnelic  Bodies. 

AVe  consider  the  different  sorts  of  iron,  w^hich  were  examined  in 
our  former  experiments  as  homogeneous,  as  the  general  character  of 
the  change  is  both  qualitatively  and  quantitatively  nearly  alike,  and 
they  are  ahvays  subject  to  very  careful  annealing.  Any  new 
experiment  would  therefore  have  been  superfluous. 

(rt)  Cast  Steel  (Fig.  2,  PI.  I.). 

Dr.  H.  du  Bois  was  kind  enough  to  give  us  a  piece  of  cast  steel, 
which  was  regarded  as  the  most  homogeneous  specimen  at  present 
obtainable.  The  rod  was  turned  into  an  ovoid  and  its  chang-e  of  lensfth 
measured  in  the  usual  manner  with  the  followinjï  result. 
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H 

l 

1.9 

0.39  xld' 

3.2 

0.61 

14.8 

1.79 

26.3 

2.53 

122.6 

1.53 

247.2 

-0.44 

451.0 

-3.96 

676.5 

-6.10 

919 

-6.80 

1389 

-7.75 

1739 

-8.28 

In  low  fields,  the  leDgth  increases  and  at  last  reaches  a  maximum, 
whence  it  gradually  diminishes,  till  it  indicates  no  elongation.  The 
decrease  goes  on  steadily,  but  the  rate  of  change  becomes  gradually 
less,  and  at  last  assumes  an  asymptotic  value.  As  will  be  seen  from 
the  graphical  representation  (Fig.  2),  the  general  feature  of  the  curve 
representing  the  length  change  resembles  that  for  iron,  with  slight 
difference  in  quantitative  details. 

{h)  Xickel  (Fig.  2,  PI.  I.). 

The  nickel  ovoid,  which  we  have  formerly  used  for  the  measure- 
ment of  length  and  volume  changes,  was  prepared  from  a  thick  plate 
of  the  same  metal.  Although  the  ovoid  was  annealed  in  charcoal  fire 
for  several  days,  lack  of  homogeneity  was  undeniable.  To  guard  against 
such  mischances,  we  have  tested  a  new  specimen,  supplied  by  Johnson 
and  Matthey,  turned  in  the  form  of  ovoid  from  a  cylindrical  rod. 

The  nature   of  the   change   does   not   materially  vary  from  the 
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former  specimen.  In  woiik  lields,  the  contraction  takes  place  at  first 
slowly,  but  gradually  at  an  increased  rate.  Between  fields  5  and  100, 
the  rate  of  the  diminution  is  very  rapid,  hut  the  change  becomes  at 
last  asymptotic,  when  it  amounts  to  about  o8  x  10"".  It  appears  from 
the  curve  that  the  diminution  of  length  will  be  but  slight  even  if  the 
field  be  increased  to  several  thousand  units.  The  following  table 
ffives  the  observed  chanu'es  of  leno;th. 


H 

dl 

I 

3.9 

-   l.lxio'" 

9.8 

-  5.2 

22.8 

-13.1 

42. Ü 

-20  8 

72.1 

-26.2 

127.8 

-30.9 

238.G 

-33.8 

473.0 

-35.3 

794.0 

-35.7 

1171 

-3G.1 

1508 

-3G.5 

1881 

-3G.9 

(c-)  Cobalt  (Fig.  2,  IM.  I.). 

One  of  us  has  already  examined  the  change  of  length  in  cobalt 
ovoid,  which  unfortunately  was  broken  in  two  pieces.  The  result  was, 
notwithstanding,  in  conformity  with  that  already  discovered  by 
Bidwell. 

Rods  of  cobalt,  obtained  from  rlohnson  and  Matthey,  were  turned 
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into  ovoids  of  the  same  diuieosioiis  as  for  the  tw<3  former  metals. 
One  of  the  ovoicls  was  examined  in  the  state,  in  whicli  it  issued  from 
the  latlie,  while  the  other  was  annealed  in  charcoal  fire  for  about  4 
hours,  after  being  carefully  wrapped  in  asbestos  paper.  As  the  chano-e 
of  length  by  magnetization  and  the  intensity  of  magnetization  were 
characterized  by  a  remarkable  difference  in  character,  it  would  be 
well  to  describe  the  phenomena  separately  for  cobalt  ovoids,  which 
underwent  diff'erent  treatments. 

Cast  Cobalt.  The  behaviour  of  cast  cobalt,  as  reg-ards  the  leno-th 
change,  is  similar  to  that  in  nickel  in  weak  fields.  Instead  of 
reaching  an  asymptotic  value  as  in  nickel,  the  contraction  of  cobalt 
reaches  a  maximum  at  about  H=160,  from  which  the  metal  gradually 
recovers  with  increasing  fields,  till  it  attains  its  initial  length  in  H=: 
750.  The  metal  however  goes  on  elongating,  but  at  a  less  rapid 
rate,  till  i/=2000,  which  is  the  strongest  field  employed  in  the  pre- 
sent experiment. 


H 

I 

H 

dl 
I 

12.0 

-0.78  xio"' 

643.3 

-0.87 

19.4 

-1.53 

735 

-0.13 

29.1 

-2.62 

1114 

+  2.83 

49.6 

-5.14 

1464 

+  4.11 

76.3 

-7.11 

1807 

+  5.14 

166.3 

-8.11 

332.5 

-6.28 

501.4 

-3.36 

The    table    gives     the     observed     changes  ;     representing    the 
change     by     means    of    a   curve    (Fig.    2),    we    notice   a   singular 
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trend,  .>5(mic\vli;it  resciubliiig  the  inverted  form  of"  the  curve 
showing  the  same  change  for  iron  and  steel.  If  the  existence  of 
the  maximum  elongation  in  iron  warrants  the  existence  of  the  Villari 
point,  a  point  of  opposite  character  must  exist  in  cobalt  if  the 
metal  be  subject  to  loading. 

Annealed  Coin  ill.  The  cast  cobalt  has  silvery  hue,  simihir  to 
nickel,  only  lacking  the  yellowish  lustre  of  the  latter.  By  anneal- 
ing cobalt,  the  surface  colour  turns  ashy  gray,  and  the  permeability 
of  the  metal  diminishes  in  a  remarkable  degree,  as  will  be  seen 
fnjm  the  curves  of  magnetization  (Fig.  1).  The  change  of  length  by 
magnetization  takes  place  at  first  slowly,  but  goes  on  steadily  in- 
creasing till  it  amounts  to  nearly  25x10'''  in  H=2000.  The 
observed  values  are  as  follows  :  — 


H 

dl 
I 

12.6 

-0.04  X  lo'" 

89.8 

-0.09 

59.6 

-0.18 

92.0 

-0.48 

204.8 

-2.14 

458.0 

-5.67 

772 

-11.88 

1150 

-17.44 

1465 

-20.71 

1905 

-25.06 

The  curve  representing  the  change  is  therefore  very  simple, 
approximating  to  a  straight  line.  As  will  be  found  later  on,  we 
found  the  reciprocity  between  the  strain  and  the  effect  of  stress  again 
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established,   since  the  longitudiiml  pull  only  produces   diminution  of 
magnetization. 

(d)     Reversible  nickel  steels  (Fig.  3,  PI.  I.). 

The  beautiful  experiment  of  Hopkinson  revealed  a  singular  pro- 
perty of  irreversible  nickel  steel  as  regards  magnetization.  The  dis- 
covery of  reversible  nickel  steel  called  forth  new  demands  for  the 
metal  on  account  of  its  practical  utility.  Among  the  various  phy- 
sical properties  of  nickel  steel,  the  small  thermal  expansion  claims 
a  prominent  position  in  the  différent  applications  of  the  metal,  such 
as  for  the  construction  of  scales,  or  the  compensation  of  chrono- 
meters and  others  of  similar  nature,  unfortunately  no  investigation 
has  as  yet  been  made  appertaining  to  the  deformation  of  the  met.al 
by   magnetization. 

Through  the  kindness  of  Messrs.  Guillaume  and  Dumas,  who 
supplied  us  the  different  samples  of  nickel  steels,  manufactured  by 
Commentry-Fourchambault  and  Decazeville,  we  were  enabled  to 
examine  the  mao-netostriction  of  the  reversible  nickel  steel  in  its 
various  aspects. 

The  samples  to  be  tested  were  either  turned  into  ovoids  of  the 
same  dimensions  as  for  the  other  metals,  or  used  in  the  form  of 
wires.  These  two  different  sets  of  metals  do  not  show  serious  dis- 
crepancies in  the  observed  results,  which  are  given  below  for  speci- 
mens containing  different  percentages  of  nickel,  either  in  the  form 
of  ovoids  or  wires.  It  is  to  be  remarked  that  the  annealing  of 
nickel  steel  wires  was  conducted  in  a  glass  tube,  through  which 
hydrogen  gas  was  kept  in  constant  circulation,  and  heated  to  500°  C. 
for  more  than  three  hours. 


The    observed  chano-es  of   leno-th  are    o-iven    in    the    followino; 


tables 
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Nickel  steel  ovoids. 


46% 

36% 

29% 

H 

dl 
i 

H 

i 

H 

dl 
l 

4.0 

0.08  X  lö' 

7.5 

0.44x10 

1.2 

0.04  xlô' 

4.6 

0.22 

17.6 

2.00 

15.0 

0.13 

6.7 

0.87 

37.1 

5.05 

27.8 

0.87 

10.6 

2.61 

66.5 

8.62 

45.3 

1.13 

32.2 

9.67 

151.5 

12.32 

81.8 

1.70 

71.4 

15.89 

234.0 

13.72 

135.7 

2.26 

121.2 

18.72 

341.2 

14.80 

292.2 

3.57 

314.2 

22.29 

400.8 

15.15 

509.7 

5.49 

573.1 

23.30 

587.1 

16.24 

864 

8.62 

860 

23.91 

1050 

18.29 

1238 

12.19 

1508 

24.78 

1342 

19.81 

1622 

15.20 

1908 

24.99 

1905 

22.12 

2040 

18.55 

Nickel  steel  wires. 


45%  ( 

annealed) 

45%  (unannealed) 

35%  ( 

annealed) 

35%  (unannealed) 

H 

H 

()l 
l 

H 

ol 

H 

l 

2.6 

0.93  X  10 

11.8 

0.34  xfo 

3.3 

0.29  X  10 

5.1 

0.12x10 

6.2 

3.49 

22.9 

1.22 

12.2 

4.20 

14.7 

0.34 

11.7 

7.36 

30.7 

1.68 

21.8 

6.93 

29.8 

0.84 

21.2 

11.78 

61.4 

4.25 

30.9 

8.70 

50.5 

1.80 

30.5 

14.51 

98.7 

6.77 

66.5 

11.35 

108.6 

4.20 

61.2 

18.76 

145.5 

9.34 

109.7 

12.19 

205.7 

7.31 

182.9 

22.04 

337.8 

14.76 

238.5 

13.26 

471.1 

11.77 

404.5 

23.05 

508.7 

16.40 

510.0 

14.70 

647.7 

13.78 

711 

23.56 

817 

17.58' 

827 

16.30 

701 

14.37 

933 

23.64 

1246 

18.09 

1407 

18.49 

1033 

16.55 

1499 

24.28 

1485 

18.51 

1541 

19.83 

1509 

18.99 

1901 

24.49 

1831 

18.84 

1928 

21.76 

1846 

21.09 
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The  curves  of  the  length  change  are  plotted  in  Fig.   3. 

All  the  nickel  steels  indicate  increase  of  length  in  fields  up  to 
about  H='2000.  The  character  of  the  change  for  4:6%  ^i  resem- 
bles that  for  nickel  with  opposite  sign,  inasmuch  as  the  curve  of 
elongation  has  great  similarity  to  that  of  magnetization.  The 
elongation  in  very  weak  fields  takes  place  slowly,  but  in  fields  of 
about  30  units,  the  rate  of  change  is  most  rapid  and  soon  reaches  an 
inflexion  point,  after  which  the  increase  in  length  takes  place  only 
very  slowly  and  in  an  asymptotic  manner. 

With  the  36%  Ni,  we  observe  similar  features  in  the  curve  of 
elongation.  The  inflexion  point  lies  in  higher  field,  but  the  elonga- 
tion is  less  than  in  46%  alloy.  After  this  stage  is  passed,  the 
ovoid  o^oes  on  increasins:  in  leno;th  at  an  almost  constant  rate,  which 
is  greater  than  for  4:6%  Ni.  Although  the  field,  at  which  the  curves 
for  46%  and  36%  Ni  intersect  has  not  yet  been  reached,  we  can  easily 
infer  that  if  the  field  be  sufiiciently  increased,  the  elongation  in  o6% 
Ni,  which  is  the  least  expansible  by  rise  of  temperature,  will  exceed 
that  for  46%  Ni.  The  contrast  between  4:6%  and  36%  Ni  is  similar 
to  that  between  36%  and  29%,  so  that  what  has  already  been  remarked 
with  respect  to  the  two  former  alloys,  equally  applies  to  the  relation 
between  the  two  latter  metals.  It  is  also  remarkable  to  observe  that 
the  29%  Ni,  which  will  apparently  indicate  the  largest  increase  in 
length,  if  the  field  be  made  sufficiently  strong,  is  the  least  susceptible 
of  the  three  nickel  steels.  AVith  the  25%  Ni,  we  could  not  detect 
any  change,  Avhich  is  within  the  scope  of  measurement  now  attainable 
with  the  present  arrangement. 

The  nickel  steel  wires,  in  the  annealed  state,  present  changes  in 
length  as  similar  to  those  of  the  ovoids.  In  the  hard  drawn  state, 
the  change  is  decidedly  less  than  in  the  annealed. 
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The  curves  of  the  length  change  in  iron  or  nickel,  placed  side  by 
side  with  those  in  nickel  steel,  present  a  singular  contrast.  As  is  well 
known,  nickel  contracts,  instead  of  expanding  as  in  iron,  the  amount 
of  contraction  being  several  times  that  of  iron.  The  feature  here  pre- 
sented by  nickel  steel  is  similar  to  nickel  as  regards  the  amount  and 
the  character  of  the  change,  but  as  to  the  sense  of  elongation,  it  is 
similar  to  iron  in  weak  fields  increasing  instead  of  diminishing  as  in 
nickel.  It  thus  appears  that  the  length  change  by  magnetization  is 
not  of  a  simple  nature,  and  not  to  be  easily  determined  from  the  per- 
centaofes  of  the  constituent  metals. 

{e)  Nickel  steel  wires  in  low  fields  (Fig.  -1,  PL  I.). 

Urged  by  the  questi(jn  of  the  practical  utility  of  the  metal,  we 
made  special  investigations  into  the  change  of  length  in  low  fields, 
such  as  may  habitually  occur  in  the  neighbourhood  of  electric  installa- 
tion or  in  terrestrial  magnetic  field.  The  question  will  be  of  utmost 
utility  in  deciding  the  effect  of  the  terrestrial  field  ;  as  one  instance, 
we  may  mention  that  in  using  Jaderin's  wires  of  nickel  steel  in 
geodetic  measurements.  One  may  wonder  from  what  has  already 
been  described,  if  the  effect  of  the  magnetic  field  will  not  be  of  the 
same  magnitude  as  that  of  thermal  expansion,  which,  as  is  well 
known,  is  of  very  minute  amount.  Our  results  for  low  fields 
are  as  follows  :  — 


45%  Ni 
(annealed) 

Vo%  Ni 
(unannealed) 

35%  Ni 
(annealed) 

35%  Ni 
(uiianneald) 

H           f 

H           t 

H          -''[ 

H           "I 

3.5       1.18x10 

8.0       0.01  X  lu 

3.5       0.50  X  10 

9.0        0.04  X  10 

7.G       4.22 

11.0       0.17 

5.2       1.56 

11.7        0.21 

11.7       G.G4 

15.7       0.G2 

8.9       3.12 

14.5        0.32 

14.7       8.40 

19.7       1.07 

15.8       5.23 

18.2        0.63 

21.0     10.60 

21.7       1.09 

21.2       6.60 

22.0        0.77 
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From  the  above  table,  we  gather  the  fact  that  the  magnetostric- 
tion plays  no  important  part  in  the  use  of  nickel  steel  scales  ;  only 
in  measurements  of  extreme  accuracy,  it  will  be  necessary  to  add  a 
very  small  factor  of  correction  to  the  measured  values,  according  as 
the  scale  is  placed  in  the  magnetic  meridian  or  perpendicular  thereto. 
As  will  be  seen  from  the  curves  of  elongation  (Fig.  4),  the  difference  in 
a  metre  will  generally  be  less  than  -r--/^  for  measurements  made  in  the 
said  di recti  (Mis. 

One  distinct  featm-e  of  the  curves  of  elongation  is  the  effect  of 
annealing.  In  both  45%  and  35%  Ni,  the  wire  elongates  several 
times  more  in  the  annealed  than  in  the  hard  drawn  state,  so  that  in 
cases  when  the  change  caused  by  magnetization  is  to  be  feared,  we 
shall  be  able  to  eliminate  the  errors  due  to  magnetostriction  in  a  con- 
siderable degree  by  using  the  unannealed  metal. 

§  5.    Effect  of  Longitudinal  Stress  on  Magnetization 
and  the  Reciprocal  Relations. 

A  remarkable  feature  of  magnetostriction  is  the  reciprocal  rela- 
tion between  the  strain  caused  by  magnetization  and  the  effect  of 
stress  on  magnetization.  AYe  have  already  examined  the  different 
changes  from  this  stand-point  for  iron  and  nickel,  and  found  that  the 
relations  between  strain  and  stress  are  generally  reciprocal  in  these 
two  metals.  In  the  present  experiment,  we  made  special  examination 
into  the  effect  (^f  longitudinal  pull  on  the  magnetization  of  cobalt  and 
nickel  steels  in  the  same  li<2:ht. 

The  annexed  dia^ji'ram  shows  the  scheme  of  arranfi-ement  for 
examining  the  effect  of  pull  on  magnetization.  A  wooden  lever  LL, 
furnished  with  a  knife  edge,  rested  horizontally  against  a  vertical 
pillar  PP.  The  lever  arm  held  a  brass  rod  B,  hang  by  a  hook  H  ûom. 
the  ceiling;   a  cobalt  cylinder  C  (length  27.3  cm.,  diameter  1.3G  cm.) 
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Wîis  brazed  to  the  rod  und  placed  axially  in  the  interior  of  the  magne- 
tizing coil,  wliich  was  phiced   vertically   on  a  separate  tripod   stand. 


The  other  end  of  the  lever  was  loaded  by  the  weight  II'.  The 
change  due  to  longitudinal  stress  was  measured  by  means  of  a  magne- 
tometer. 

In  weak  fields,  the  maofnetization  of  cast  cobalt  decreases  bv  load- 
ing.  As  the  field  strength  is  increased,  the  amount  of  the  decrease 
reaches  a  maximum  and  then  gradually  lessens.  Ultimately  the  field 
where  the  longitudinal  pull  does  not  affect  the  magnetization  is  reached. 
When  this  stage  is  passed,  the  magnetization  increases  by  loading,  so 
that  the  effect  is  reversed.  The  existence  of  a  critical  point  in  cobalt 
analogous  to  that  of  Villari  in  iron  is  thus  established  (Fig.  5,  PI.  L). 

With  annealed  cobalt,  the  effect  is  simpler.  As  will  be  seen 
from  the  curves  in  Fig.  5,  the  longitudinal  pull  always  causes  a  dimi- 
nution of  magnetization,    which   increases  with   the  field.     Thus  the 
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behaviour  of  cast  and  annealed  cobalt  stands  in  reciprocal  relation 
with  that  of  the  change  of  length  produced  by  magnetization,  as  will 
be  clear  in  the  following  parallel  statements. 

Cdst  cobalt. 
Magnetization  pi-oduces  diminution  Mechanical     elongation     produces 

of  length  in  low  fields,  which  after  diminution  of  magnetization  in  low 
reaching  a  maximum  gradually  lessens,  fields,  which  after  reaching  a  maximum 
and  finally  produces  increase  in  strong  gradually  lessens,  and  finally  produces 
fields.  increase  in  strong  fields. 

Annealed  cobalt. 
Magnetization  produces  diminution  Mechanical     elongation     produces 

of  length,  which  gradually  increases  diminution  of  magnetization,  which 
with  the  strength  of  the  field.  gradually  increases  with  the  strength  of 

the  field. 
The  effect  of  mechanically  elongating  nickel  steel  always  results 
in  the  increase  of  magnetization,  as  will  be  seen  in  Fig.  G,  PI.  II. 
The  change  caused  by  stretching  depends  on  the  strength  of  the  field, 
and  is  generally  greater  in  the  weak  than  in  the  strong.  The 
correlation  between  the  elongation  due  to  magnetization  and  the 
effect  of  stretching  on  magnetization  may  be  expressed  in  fallowing 
words. 

Magnetization  produces  increase  of  Mechanical  elongation  produces  in- 

leugth  in  nickel  steel.  crease  of  magnetization. 

§  6.    Change  of  Volume  by  Magnetization. 

In  spite  of  the  well  known  experiments  of  Joule  showing  that 
iron  does  not  change  in  bulk  by  magnetization,  experiments  by 
Knott,  and  ours  sufticiently  prove  that  this  is  by  no  means  the  case. 
It  was  suggested  by  Rhoads,  that  the  change  of  volume  may  in  a 
great  part  be  due  to  the  heterogeneity  of  the  material  under  exami- 
nation, while   in   some   the   arrangement  of  the  experiment  was  not 
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free  from  errors,  wliich,  though  very  small,  were  sufficient  to  disguise 
the  minute  effect.  One  serious  drawback  in  these  experiments  is 
the  use  of  an  unproportionally  large  mass  of  iron,  Avhich  if  the  ratio 
of  dimensions  be  sufficiently  great,  would  not  have  been  altogether 
objectionable,  but  as  it  generally  happened  to  be,  did  not  give  the 
expected  result.  Xon  uniformity  of  the  field  is  another  source  of 
error,  Avhich  unfortunately  has  been   too  often   neglected  ;  the   result 

obtained  in  fields,  which  are  not  uniform, 
will  indeed  be  very  difficult  of  interpre- 
tation. If  the  material  under  test  be  not 
j)laced  axial ly  in  the  direction  of  magne- 
tization, and  the  mechanical  force  ursfing: 
the  magnetic  substance  in  one  or  other 
direction,  comes  into  existence,  the 
change  of  shape  of  volumenometer  will  in 
some  cases  be  of  such  an  amount,  that  it 
not  only  diminishes  the  measured  change, 
but  screens  the  desired  etfect.  These 
various  sources  of  error  may,  by  proper 
construction  of  the  volumenometer,  be 
easily  eliminated. 

The  accompanying  cut,  taken  from  a 
photograph,  shows  the  arrangement  of 
the  volumenometer,  which  we  have  used 
in   our    observations,     luio  a  o-lass  tube 

o 
()(j,    to    which    is    hermetically    sealed    a 

(•;q»illary  tube  cc  of  about  0.4  mm.  inter- 

^^^    liai    diameter,    tit    two    brass    rings    rr. 

'J'hese  rings  are  partly  open,  and  by  the 

elastic  force,  fit  the  tube  quite  tightly.     The  extremities  of  the  ovoid 
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project  out  of  tlie  openiiigs,  and  its  axis  is  kept  in  coincidence  witli 
that  of  the  tube.  The  axis  of  the  magnetizing  coil,  which  is  all  the 
while  water  jacketed,  also  coincides  with  that  ()f  the  volumenometer 
during  the  experiments,  so  that  the  effect  of  the  mechanical  force  and 
the  non-uniformity  of  the  field  (the  length  of  coil  being  30,  while  that 
of  the  ovoid  is  20  cm.)  will  not  enter  the  measured  results. 

The  motion  of  the  capillary  meniscus  was  noted  by  means  of  a 
microscope  provided  with  a  micrometer  ocular.  The  magnifying 
power  of  the  microscope  was  generally  so  chosen,  that  the  range  of 
motion  during  the  experiment  lay  within  the  field  of  view\  Although 
the  magnetizing  coil  was  water  jacketed,  the  lack  of  temperature  com- 
pensation, as  in  the  experiments  on  the  length  change,  made  it  desir- 
able to  notice  the  motion  of  the  liquid  shortly  after  making  the 
current.  In  some  of  the  metals,  the  change  was  generally  almost  in- 
stantaneous, but  in  a  few  specimens  we  noticed  a  distinct  time-lag. 

As  announced  by  Quincke,^ ^  change  of  volume  in  the  liquid 
filling  the  volumenometer  may  be  caused  by  tiie  pressure  in  the 
magnetic  field.  To  guard  against  this  point,  we  have  specially 
examined  the  volumenometer  readings  by  simply  filling  it  with  water 
or  ferric  chloride,  and  did  not  find  the  effect  within  the  range  of  field 
used  in  the  present  experiment,  as  might  well  be  expected,  as  the 
pressure  is  proportional  to  the  square  of  the  field  strength. 

Cast  Steel.  The  metal  shows  increase  of  volume  in  fields  up  to 
about  2000.     The  following  gives  the  measured  change. 


1)     Quincke,  Sitzimgsberichte  d.  Berliner  Akademie  d.  Wissenschaften,  20=  P-  391,  1900. 
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H 

dv 

V 

H 

ov 

V 

1.8 

0.01  xio'" 

346.3 

0.18 

2.6 

0.02 

774 

0.32 

9.1 

0.06 

1028 

0.42 

36.8 

0.14 

1344 

0.57 

142.4 

0.16 

1721» 

0.80 

In  weak  fields,  the  cliaiige  is  very  small,  but  the  rate  is  tolerably 
large  ;  as  the  field  increases,  the  curve  (Fig.  7,  PL  II.)  reaches  an 
inflexion  jjoint.  The  change  goes  on  somewhat  slowly  for  fields 
amounting  to  a  lew  hundred  units  ;  it  again  reaches  an  inflexion 
point,  whence  to  increase  steadily  and  almost  at  a  constant  rate  as 
the  field  is  further  increased. 

Nîcht'L  In  our  two  former  experiments,  we  noticed  a  discre- 
pancy in  the  nature  of  the  volume  change  in  this  metal.  With  a 
bar  of  square  section,  we  noticed  a  diminution,  while  an  ovoid 
«bowed  an  increase.  How  this  may  be  easily  accounted  for,  ^^'e  have 
already  discussed  in  (nir  former  paper,  so  that  it  ^vill  be  now^  un- 
necessary to  take  up  the  subject  anew. 

With  the  present  specimen,  which  may  be  regarded  as  the  more 
homogeneous,  we  noticed  a  slight  increase  of  volume,  which  is  of  about 
the  same  amount  as  that  observed  in  the  former  experiments. 

The  character  of  the  change  is  similar  to  that  in  steel,  the  curve 
(Fig.  7.)  of  the  change  presenting  two  inflexional  points.  These 
points  do  not  appear  in  such  a  remarkable  degree  as  in  steel,  but 
their  where  abouts  can  be  ascertained  at  a  glance.  The  observed 
changes  in  volume  are  given  below  : — 
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TT 

r,v 

XÂ. 

V 

10.4 

0.00  X  lo'" 

16.5 

0.01 

27.5 

0.02 

53.7 

0.03 

124.9 

0.04 

884.6 

0.07 

638 

0.10 

1052 

0.13 

1539 

0.16 

1983 

0.22 

Cobalt.  (Fig.  7.)  Just  as  we  have  noticed  a  difference  in  the 
length  change  and  the  intensity  of  magnetization  in  the  cast  and 
annealed  metals,  we  notice  a  difference  in  the  volume  chansfe  for 
these  two  bodies. 

The  behaviour  of  cobalt  is  unlike  other  ferromagnetic  sub- 
stances; instead  of  showing  increase,  the  magnetization  causes  dimi- 
nution of  volume,  which  in  the  annealed  state  bears  close  resemblance 
to  the  character  possessed  by  nickel,  indicating  glimpse  of  two  in- 
flexion points  in  the  curve  of  volume  change.  With  the  cast  speci- 
men, this  feature  is  still  more  different  from  the  other  ferromao-netic 
substances.  The  diminution  of  volume  takes  place  quite  rapidly  in 
weak  fields,  so  that  the  curve  soon  reaches  an  inflexion  point.  The 
rate  of  diminution  after  passing  this  point  is  very  small,  the  curve 
passing  on  almost  parallel  to  the  axis  of  the  field.  This  state  pre- 
vails in  a  large  range  of  fields,  but  the  curve,  in  place  of  showing 
another    inflexion   point,   reaches  a  point   of  maximum    diminution 
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of  volume.  The  (.'oiirse  of  the  curve  turns  and  jn-cK-eeds  in  the  same 
direction  iis  far  as  the  present  experiment  goes.  This  character  is 
possessed  by  cast  cobalt  only  among  the  numerous  specimens  of  ferro- 
magnetic substances  hitherto  experimented  upon.  Further  we  may 
notice  that  the  amount  of  the  change  is,  to  a  certain  extent,  greater 
in  cobalt  than  in  iron,  steel,  or  nickel. 

The  results  of  measurements  in  cobalt  are  given  l^ehjw  : — 


Cast  cobalt. 

Annealed  cobalt. 

H 

V 

H 

OV 

V 

12.4 

-0.07x10' 

28.7 

-0.02  xio' 

19.1 

-0.17 

41.9 

-0.04 

24.1 

-0.27 

58.1 

-0.06 

72.2 

-0.88 

90.4 

-0.08 

162.3 

-1.17 

204.2 

-0.27 

878.5 

-1.35 

468.8 

-0.60 

665 

-1..50 

800 

-1.09 

1068 

-1.55 

1127 

-1.58 

1457 

-1.47 

1473 

-1.84 

1889 

-1.88 

1916 

-2.10 

Nickel  steel.  (Fig.  <S.)  The  volume  change  in  nickel  steel  is  cha- 
racterized by  the  simplicity  and  the  large  amplitude  of  the  ettect. 

The  following  table  gives  the  measurements  made  <3n  three  speci- 
mens of  nickel  steels  containing  different  percentages  of  nickel. 
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4G%  Ni. 

SQ%  Ni. 

29%  Ni. 

H 

V 

H 

ov 

ü 

H 

dv 

V 

68.1 

0.03  X  lö' 

7.6 

0.03  X  lö' 

6.5 

0.06  X  lö' 

284.5 

0.42 

11.8 

0.05 

25.7 

0.71 

386.1 

0.60 

30.8 

0.24 

62.4 

1.49 

592.0 

1.13 

93.5 

0.87 

113  6 

2.91 

679 

1.28 

209.1 

2.35 

227.5 

6.52 

893 

1.59 

309.0 

4.28 

425.2 

12.49 

994 

2.19 

682 

9.10 

659 

20.30 

1327 

3.00 

1042 

14.25 

989 

29.7 

1452 

3.55 

1333 

18.44 

1260 

38.7 

1618 

4.38 

1669 

22.99 

1687 

51.1 

The  common  feature  of  the  change  is  the  approximate  propor- 
tionality of  the  effect  to  the  magnetizing  force. 

The  amplitude  of  the  change  is,  however,  not  directly  proportional 
to  the  intensity  of  magnetization,  as  the  46%  Ni  shows  a  smaller 
effect  than  the  2i)%  Ni,  which  is  the  least  magnetizable  among  the 
samples,  with  the  exception  of  the  25%  Ni,  whose  magnetization  is 
scarcely  to  be  detected  by  ordinary  means.  In  fields  of  1600  C.Gr.S. 
units,  the  change  amounts  to 


—^=  4.2x10-*^  for  46%  Ni 

=  22.0x10-*=  „  36%  Ni 

=  48.7x10-«  „  29%  Ni 

=  0.2x10-«  „  25%  Ni 

=    1.2  X  10"'=  ,.   soft  iron. 

The  difference  between  steels  containing  different  percentages  of 
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nickel  is  indeed  reniarkuble,  as  the  changes  here  noticed  far  exceed  those 
hitherto  ob.served  in  simple  ferromagnetic  substances.  The  change  in 
2*d%  Ni  is  nearly  4:0  times  greater  than  in  soft  iron  ;  in  ûict,  the 
motion  of  the  capillary  meniscus  could  be  easily  followed  by  the  naked 
eye,  as  the  displacement,  wliicli  took  place  almost  instantaneously 
with  the  making  of  the  current,  was  nearly  5  mm.  in  tlie  strongest 
field  at  our  disposal.  Even  the  25%  Xi  sample  showed  a  volume 
change,  which,  in  spite  of  the  minute  magnetizability,  could  be  dis- 
tinctly measured  by  a  microscope. 

From  the  above  result,  it  f(jll<)ws  that  there  is  a  certain  alloy, 
whose  percentage  content  of  nickel  will  lie  somewhere  between  2b% 
and  36%,  wdiich  will  indicate  the  greatest  change  of  volume  ;  the 
changfe  will  indeed  be  the  orreatest,  that  we  can  observe  in  the  ferro- 
maofnetic  substances  of  common  (occurrence. 

When  we  consider  the  magnitude  of  the  volume  change  in 
nickel  steels  and  compare  it  with  that  observed  in  iron  or  nickel, 
we  are  struck  with  the  immensity  of  the  effect,  which  is  not  shared 
in  such  an  extraordinary  degree  by  either  of  the  constituents  of  the 
alloy.  The  same  remark  applies  to  the  magnetizability  of  the 
samples.  That  the  alloy  of  two  strongly  magnetizable  substances 
should  give  rise  to  an  almost  neutral  body  is  in  no  way  an  object  of 
curiosity,  when  considered  in  the  same  light  as  the  enormous  eftect 
of  magnetization  on  the  bulk  of  the  alloy.  In  the  present  instance, 
we  are  at  a  loss  to  decide  which  of  the  two  metals  plays  a  predomi- 
nating part  in  the  magnetostriction  of  nickel  steel  ;  perhaps  a 
complete  study  of  the  subject  from  the  lowest  percentage  to  the 
pure  nickel,  and  the  comparative  investigation  of  the  phenomena  in 
the  succeedinof  stao^es  will  reveal  to  us  the  o-roupin^-s  of  the  constituent 
metals  while  entering  into  an  alloy,  as  Avell  as  the  part  played  by  them 
in  the  magnetization  and  in  the  various  ])henomena  attending  it. 
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It  may  at  first  sight  appear  that  the  smallness  of  the  tliermal 
expansion  in  nickel  steel  necessarily  entails  the  minuteness  of  the 
chanofe  of  lensfth  and  of  volume,  but  no  connection  seems  to  exist 
between  the  magnetostriction  and  the  deformation  due  to  temperature 
variation,  as  illustrated  in  the  preceding  experiments. 

§  7.    Wiedemann  Eflect  in  Nickel  Steel. 

As  closely  allied  to  the  change  of  volume  and  of  length,  the 
Wiedemann  effect  comes  into  oar  consideration  as  due  to  magneto- 
striction. Unfortunately  we  could  not  investigate  the  phenomenon 
in  cobalt  for  want  of  material  of  geometrical  shape,  suitable  for  the 
investigation.  The  results  for  iron,  steel,  and  nickel  have  been 
already  described  in  our  former  paper,  so  that  we  shall  consider  only 
nickel  steels,  which  have  not  yet  been  investigated. 

The  eft'ect  was  measured  in  the  usual  way  by  suspending  the 
wire  vertically  in  a  magnetizing  coil,  and  by  passing  an  electric  cur- 
rent of  known  streno;th,  the  ang-le  of  torsion  due  to  the  combined 
action  of  circular  and  longitudinal  magnetizations  was  measured  by 
the  rotation  of  a  fine  mirror  attached  to  the  end  of  the  wire.  The 
vertical  component  of  the  terrestrial  magnetic  force  was  compensated 
for  by  another  coil  inserted  within  the  coil.  The  wire  was  of  such 
length  (21  cm.)  that  the  magnetic  field  was  practically  uniform 
throuofhout.  For  the  different  sorts  of  wires  tested,  we  are  indebted 
to  Mr.  Ch.  Ed.  Guillaume. 

The  measured  angles  r  of  torsion  per  cm.  in  seconds  of  arc  are 
given  for  different  samples  of  wires  in  the  following  table  : 
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45%  nickel  steel, 
(annealed) 


34.0  f^^^ 
V  cm-. 


30.2%  nickel  steel, 
(unannealed) 


c  =  371.5 


anip.  \ 
cnr.  / 


23.6%  nickel  steel, 
(unannealed) 

c  =  310.0  f-^ü^ 
\  cm-'. 


H 


H 


H 


0.8 

8.3" 

2.8 

15.7 

4.0 

28.1 

8.1 

32.3 

26.7 

25.9 

44.5 

18.0 

104.0 

6.0 

283.2 

-1.6 

937 

-4.6 

1522 

-4.9 

7.8 

7.6" 

23.5 

20.4 

50.6 

21.8 

81.8 

17.9 

117.0 

14.7 

322.0 

6.4 

452.6 

4.1 

742 

2.3 

1104 

1.6 

1581 

1.6 

4.9 

0.7" 

17.0 

2.8 

87.6 

6.6 

85.0 

6.9 

185.6 

4.6 

367.0 

1.1 

589.8 

0.0 

873 

-1.4 

1230 

-2.1 

1350 

-2.1 

Tlie  direction  in  whicli  a  nickel  steel  wire  twists  is  the  same  as 
in  iron.  If  the  north  pole  of  the  wire  suspended  vertically  be  at  tlie 
free  end,  and  the  direction  of  the  current  traversin«:  the  wire  be  down- 
wards,  the  torsion  of  nickel  steel  seen  from  above  is  in  the  direction 
of  the  hands  of  a   watch. 

The  amount  (^f  torsion  (Fig.  9.)  increases  with  the  magnetic  field, 
but  it  soon  reaches  a  maximum,  to  decrease  afterwards  quite  slowlv 
as  the  field  becomes  stronger,  and  the  torsion  of  the  wire  is  reversed  in 
strong  fields.  With  the  samples  tested,  the  torsion  increases  with 
the  percentage  of  nickel.  The  23.6%  Xi  and  39.2%  Xi  samples  were 
examined  in  a  hard  drawn  state  ;  but  the  45%  Xi  wire  was  exam- 
ined after  annealing-  it  in  hvdroo'en,  as  alreadv  described. 
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§  8.    Summary  of  the  Results. 

The  results  obtained  in  the  present  investigation  can  be  sum- 
marised in  the  following  statements. 

Magnetization. 

1.  The  maoTietization  of  cast  cobalt  is  différent  from  that  of 
the  annealed  metal,  the  latter  being  only  about  half  as  magnetizable 
as  the  former.  The  magnetization  of  cobalt  in  the  annealed  state  is 
characterized  by  its  high  differential  susceptibility  in  strong  fields. 

•  2.  The  magnetization  of  4:6%  nickel  steel  is  between  iron  and 
cobalt,  while  that  of  the  36%  Xi  is  nearly  the  same  as  in  cobalt.  The 
29%  Ni  is  nearly  half  as  magnetizable  as  nickel,  and  the  25%  Ni 
is  only  feebly  magnetic.  The  course  of  the  magnetization  curve  in 
nickel  steel  resembles  that  in  nickel. 

3.  (a)  In  cast  cobalt,  mechanical  elongation  in  the  direction  of 
magnetization  produces  diminution  of  magnetization  in  low  fields, 
which  gradually  lessens  as  the  field  strength  is  increased.  Ultimate- 
ly there  is  increase  of  magnetization  by  elongation.  Thus,  there  is 
a  critical  point  in  cobalt,  which  has  a  character  opposite  to  that  bear- 
ing the  name  of  Yillari  in  iron. 

(I))  In  annealed  cobalt,  mechanical  elongation  in  the  direction 
of  magnetization  produces  diminution  of  magnetization,  which  in- 
creases with  the  field. 

4.  Mechanical  elongîition  in  the  direction  of  magnetization 
produces  increase  of  magnetization  in  nickel  steel. 

Change  of  Leiujtli  bij  Magnetization. 

1.  The  quality  of  the  change  is  not  seriously  affected  by  the 
small  non-homogeneity  of  the  sample. 
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2.  In  cobalt,  the  character  of  the  change  is  différent  in  the  cast 
and  in  the  annealed  state. 

(a)  Cast  cobalt  contracts  in  low  fields  and  attains  the  minimum 
leno-th  in  IT=loO.  whence  it  returns  to  its  former  leno-th  in  H=750, 
and  goes  on  elongating  at  a  slow  rate,  as  the  field  is  increased  (re- 
sult already  obtained  by  liidwell).  This  stands  in  reciprocal  relation 
with  the  effect  of  mechanically  elongating  cast  cobalt  on  magnetiza- 
tion. 

(A)  Annealed  cobalt  contracts  without  showing  a  minimum 
length  up  to  7^=1800.  The  character  of  the  change  is  similar  to  that 
of  iron  after  passing  the  maximum  elongation.  This  stands  in 
reciprocal  relation  with  the  effect  of  mechanically  elongating  annealed 
cobalt  on  magnetization. 

o.  Xickel  steel  elongates  by  magnetization.  The  character  of 
the  chano-e  is  similar  to  that  of  nickel,  but  the  sense  is  different.  The 
rate  of  change  {-ttt)  i^^  high  fields  is  greater  in  29%  Xi  than  in  36% 
Ni,  in  which  it  is  again  greater  than  in  46%  Ni.  The  amount  of  the 
change  is  in  inverse  order  up  to  H=2000. 

Nickel  steel  elongates  to  a  greater  degree  in  the  annealed  than  in 
the  hard  drawn  state. 

4.  The  elongation  of  nickel  steel  in  very  low  fields  (comparable 
with  the  terrestrial  magnetic  field)  is  generally  less  than  10"^ 

Change  of  \'olnine  In/  Magnetization. 

1.  Iron,  steel,  and  nickel  show  increase  of  volume  by  magneti- 
zation,  but  cobalt  (cast  and  annealed)  shows  contraction. 

2.  (rt)  Cast  cobalt  contracts  at  a  rapid  rate  in  low  fields,  but 
above  iî=  100,  the  rate  becomes  less  and  the  contraction  reaches  a 
maximum  in  H=dOO,  whence  to  return  gradually  with  further  in- 
crease of  the  field. 


ON  MAGNETOSTRICTION. 


33 


(/>)  AiiiKinlcd  cobnit  contracts  in  volume  at  a  steady  rate  as 
the  field  is  increased.  The  contraction  becomes  ultimately  f^reater 
than  in  cast  cobalt. 

o.  The  increase  of  volume  in  4ö%  Ni,  ;U)%  Xi,  and  29%  Ni 
steels  takes  place  almost  proportional  to  the  strength  of  the  üeld.  The 
amount  of  the  increase  becomes  greater  as  the  percentage  of  nickel 
becomes  less.  The  volume  change  in  29%  Ni  is  the  greatest  that  has 
ever  been  observed,  and  is  nearly  40  times  that  in  iron  in  strong 
tields. 

Wiedemann  Efect. 

The  torsion  produced  by  the  combined  action  of  circular  and 
Longitudinal  magnetizations  in  nickel  steels  increases  with  the  lonofitu- 
dinal  field  and  reaches  a  maximum  whence  to  decrease  gradually 
as  the  field  is  further  increased.  In  some  specimens,  the  torsion 
ultimately  takes  place  in  the  opposite  direction.  The  direction  in 
which  nickel  steel  twists  is  the  same  as  in  iron. 
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Change  in  Length  of  Ferromagnetic  Wires  under 
Constant  Tension  by  Magnetization. 

By 

K.  Honda,  Rigakushi, 

and 
S.  Shimizu,  Rlgakushi. 

With  Plates  I— 11. 

1.  In  his  earliest  experiment  on  the  change  in  length  by 
magnetization  of  iron  and  steel  rods,  Joule^^  noticed  that  the  effect  of 
tension  is  to  diminish  the  magnetic  elongation,  and  that  if  the 
tension  exceeds  a  certain  limit,  the  magnetization  causes  contraction 
instead  of  elongation.  Repeating  the  same  experiment,  S.  BidwelP^ 
made  special  investigations  on  this  point.  His  results  can  be  stated 
in  the  following  words  :  Tension  diminishes  the  magnetic  elongation 
of  iron,  and  causes  the  magnetic  contraction  to  take  place  with  a 
smaller  magnetizing  force  ;  it  increases  the  contraction  in  strong  fields. 
These  chano;es  become  o-reater  as  the  tension  is  increased.  For 
nickel,  the  magnetic  contraction  is  diminished  by  tension  in  weak 
fields  ;     but  it  is  increased    in    strono;  fields.       These   chano;es   also 

1)  Joule,  Phil.  Mag.  30.  76,  225,  1847. 

2)  Bidwell,  Pro.  Eoy.  Soc.  40,  109,  257,  1886;    Pro.  Eoy.   Soc.  47,  469,  1890  ;  Ewing's 
Magnetic  Induction  p.  240. 
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increase  with  tension.  Cobalt  is  practically  unaffected  by  tension. 
B.  Brackett,'^  G.  Klingenberg'^^  and  K.  TangP^  also  investigated  the 
same  subject  and  obtained  results  similar  to  those  of  Bidwell. 

In  Bidwell's  experiment,  whieli  is  generally  regarded  as  the 
most  reliable,  the  wire  to  be  tested  carried  the  magnetizing  coil  with 
it,  so  that  even  the  smallest  tension  was  greater  than  3  kilograms  j)er 
square  millimeter.  Hence  the  effect  of  small  loading,  Avhich  is 
remarkable  in  nickel,  was  not  well  studied.  The  reason  which  led 
him  to  adopt  such  an  arrangement,  was,  according  to  his  statement, 
to  avoid  the  disturbance  due  to  the  electromagnetic  action  between 
the  wire  and  the  magnetizing  coil.  Moreover  the  sensibility  of  his 
apparatus  could  no  longer  be  considered  to  be  sufficiently  delicate. 
It  was,  therefore,  desirable  to  repeat  his  experiment  with  an  arrange- 
ment giving  higher  accuracy. 

A  few  month  ago,  Professor  Nagaoka  and  one  of  us  measured 
the  mag-netic  elonu'ation  of  the  nickel  steel,  kindlv  placed  at  oui- 
disposal  by  Dr.  Ch.  Ed.  Guillaume.  It  showed  a  remarkable  anomaly 
Avith   reofard   to   the   mafjnetic   elono'ation.     Much  interested   bv   the 

coo  »J 

result,  we  proceeded  to  examine  the  effect  of  loading  on  the  magnetic 
elonjration  of  the  allov  as  well  as  other  ferromag^netic  metals. 

2.  The  apparatus  used  in  the  present  experiment  is,  in 
principle,  tlie  same  as  that  used  by  Professor  Xagaoka.  The  chief 
difference  consists  in  using  a  rotating  cylinder*^  to  cause  a  reflecting 
mirror  to  turn  through  a  minute  angle,  instead  of  the  three  pivots 
system. 


1)  Brackett,  Phy.  Rev.  [5]  5,  257,  1897. 

2)  Klingenberir,  Inaug.-Diss.,  Berlin,  1897;   Beibl.  21.  897,   1897;  Inautc.-DLss.,  Rostock, 
p.  34  ;  Beibl.,  23.  270,  1899. 

3)  K.  Tangl,  Drud.  Ann.  6.  34,  1901. 

4)  H.  Hertz.  Tnstrumentenkundte,  3,  17,  1883  ;  Gesammelte  Werke.  1.  p.  227. 
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The  accompanying  figure  shows  the  front  and  side  views  of  the 
apparatus.  C  is  the  magnetizing  coil,  and  W  the  wire  to  be  tested, 
whose  upper  end  is  clamped  to  the  support  S,  while  its  lower  end 
carries  a  weisrht  O.  M  is  a  reflectino;  mirror  üxed  to  the  rotatinjr 
cylinder,  the  ends  of  which  terminate  in  cones  and  fit  lightly  in  the 
agate  cups  on  the  heads  of  screws  in  brass  sockets  BB.  K  is  a  collimator, 
L  a  lens,and  E  a  micrometer  with  ocular  scale.    The  slit  of  the  collimator 
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is  illuminated  by  a  gas  flame  ;  the  light  leaves  the  collimator  adjusted 
for  a  parallel  beam  and  is  reflected  by  the  mirror  M  and  converges  in 
the  micrometer  field  through  the  lens  L.  In  the  middle  of  the  slit,  a 
very  fine  glass  fibre  is  stretched  parallel  to  the  edge,  the  image  of 
which  is  clearly  seen  in  the  micrometer.  A  wire  of  about  1.5  mm.  in 
diameter  touches  the  rotating  cylinder  under  a  suitable  pressure  ;  if 
the  wire  elono-ates  or  contracts,  the  mirror  rotates  throuo-h  a  small 
angle  and  the  corresponding  displacement  of  the  image  of  the  fibre  is 
observed  in  the  micrometer  field. 

The  masfnetizino;  coil  was  30  cm.  lonof  and  o-ave  a  field  of  37.97 
C.G.S.  units  at  the  centre  by  passing  a  current  of  one  ampere.  The 
current   was   measured  by  a  Thomson   graded    galvanometer   which 
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was  from  time  to  time  compared  with  a  deciampere  balance.  The 
wire  to  be  tested  was  soldered  into  well  annealed  coj)per  wires  of 
about  the  same  diameter,  as  shown  in  the  annexed  cut.  It  was 
hun"'  vertically  in  the  axial  line  of  the  maw-netizinfj* 
coil  so  as  to  lie  nearly  in  the  uniform  field.  The  pan 
attached  to  the  lower  end  of  the  wire  carried  on  its 
under  face  a  few  pieces  of  cotton  which  softly  touched 
a  piece  of  wood  for  the  purpose  of  damping  without  pro- 
ducing sensible  pressure.  The  lens  had  a  focal  length  of 
G6.95  cm.,  and  the  number  of  divisions  of  the  micrometer 
ocular  was  100  to  1  cm.  The  form  of  the  rotating  cylinder 
is  drawn  in  actual  size  in  the  annexed  figure.  It  was 
made  of  steel  ;  the  thickness  of  the  cylinder,  on  which  the 
thin  vertical  wire  came  in  contact,  was  2.85  and  1.51  mm. 
for  nickel  and  other  metals  respectively.  The  front  view 
of  the  brass  socket  for  holding  the  steel  cylinder  is  shown 
in   the  same  figure.     The   stand   on   which   it  was  fixed, 

could  be  made  to  move 


<: 


> 


up  and  down  as  well  as 
forward  and  backward 
by  means  of  screw 
adjustment.  By  this 
arr.angement,  the  cy- 
linder  could  be  made  to 


touch  the  vertically  suspended  wire  with  suitable  pressure,  and  a  small 
rotation  of  the  mirror  be  given  at  our  disposal.  The  arrangement  is 
omitted  in  the  first  figure. 

The  sensibility  of  the  apparatus  can  easily  be  changed  by  simply 
altering  the  thickness  of  the  rotating  cylinder.  In  the  present 
experiment,  it  was   such    that   one   division  of  the  micrometer  ocular 


OF  FERROMAGNETIC  WIRES  BY  MAGNETIZATION'.  5 

corresponded  to  an  elongation  or  contraction  of  5.13x10'' in  one 
case  and  2.72x10"'  in  the  other.  As  xVth  of  the  micrometer  scale 
can  be  easily  observed,  a  dilatation  of  0.6  x  lO'*^  per  cm.  was  accurately 
measured  in  the  latter  case. 

3.  Observations  were  conducted  accordino^  to  the  foUowins" 
method.  The  wire  to  be  tested  was  hung  vertically  and  stretched  by 
a  weight  of  5  kilograms  for  3  or  4  hours  to  make  it  straight.  To 
begin  with,  all  the  weights  were  once  taken  away,  and  again  loaded 
with  a  weig-ht  of  0.5  or  1  kiloo;ram.  After  one  or  two  hours,  the 
observations  were  completed  in  the  following  order.  The  wire  was 
first  demagnetized,  and  then  magnetized  by  passing  successively 
increasing  currents  and  the  corresponding  deflections  taken,  the 
demagnetization  being  repeated  before  each  magnetization.  A  set  of 
observations  being  thus  taken,  successively  increasing  loadings  were 
applied  and  the  corresponding  sets  of  observations  noted.  The  obser- 
vations were,  for  the  most  part,  taken  at  night  to  avoid  small 
disturbing  vibrations  of  the  wire  due  to  the  shaking  of  the  laboratory 
building. 

Since  the  resistance  of  the  mao^netizing-  coil  was  onlv  0.6Q,  the 
thermal  expansion  of  the  suspended  wire  due  to  the  heating  of  the 
coil  was  negligibly  small  for  the  current  used  in  the  present 
experiment  ;  but  for  safety,  the  deflection  was  taken  as  soon  as 
possible.  Substituting  for  the  steel  cylinder  a  brass  one  of  the  same 
thickness,  exactly  the  same  results  were  obtained,  showing  that  tha 
influence  of  the  magnetic  action  between  the  coil  and  the  steel  cylinder 
is  insensibly  small. 

When  the  pressure  in  the  contact  surface  between  the  cylinder 
and  the  wire  was  moderate,  repeated  applications  and  removals  of  the 
magnetizing  field  showed  no  trace  of  slipping  in  the  cylinder. 

The  wires  tested  had  the  followin»-  dimensions  :  — 
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Specimen. 

Soft  iron. 

Wolfram  steel. 

Wolfram  steel. 

Nickel, 

Length. 

20.74  cm. 

'20.97  cm. 

20.74  cm. 

20.70  cm. 

Diameter. 

0.189 

0.060 

0.135 

0.136 

Specimen. 

45%  nickel  steel. 

45%  nickel  steel. 

35%  nickel  steel. 

Length. 

20.73  cm. 

20.93  cm. 

20.75  cm. 

Diameter. 

0.144 

0.050 

0.150 

4.  Soft  Iron.  Fig.  1  represents  the  carves  of  the  change  of 
length  in  soft  iron  plotted  jigainst  the  magnetizing  field  ;  T  is  the 
tension  per  square  millimeter.  The  curve  T  =  0  is  the  result  obtained 
by  means  of  Professor  Nagaoka's  apparatus  ;  our  arrangement  can  not 
be  used  for  the  measurement  of  the  change  of  length  corresponding 
to  no  tension.  The  comparison  of  this  curve  with  the  others  shows 
the  trustworthiness  of  the  present  arrangement  for  measuring  the 
minute  change  in  length. 

The  specimen  was  very  well  annealed,  and  so  the  initial 
elongation  was  greatly  reduced.  The  eflect  of  tension  is  to  reduce  the 
elono-ation  in  weak  fields  and  to  increase  the  contraction  in  strong 
fields.  This  diminution  of  elongation  becomes  greater  as  the  tension 
increases,  till  the  initial  elongation  vanishes  in  a  tension  of  about  4 
kilograms  per  square  millimeter.  When  the  tension  exceeds  this 
value,  the  course  of  the  curve  is  changed.  Li  higher  fields  greater 
than  40  C.G.S.  units,  all  the  curves  are  nearly  parallel  to  each  other. 
It  is  also  observed  that  the  efiect  of  tension  is  comparatively  larger 
when  the  load  is  small  than  when  it  is  heavy. 
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By  making  use  of  Fig.  1,  the  curves  showing  the  relation  between 
the  change  of  length  and  the  tension  under  a  constant  field  are  drawn 
in  Fig.  2.  We  learn  from  these  curves  that  the  effect  of  tension  on 
the  magnetic  change  of  length  is  not  linearly  related  to  tension. 

Generally  speaking,  these  results  coincide  with  those  of  Bidwell. 
In  our  case,  the  reduction  of  the  initial  elongation  by  tension  is  flu- 
greater  than  that  in  Bidwell's  wire.  The  smallest  tension,  by  which 
the  elongation  vanishes,  is  about  4  times  greater  for  the  latter  case 
than  in  the  former.  The  discrepancy  perhaps  arises  from  the  fact  that 
our  specimen  is  comparatively  soft  as  regards  the  magnetic  quality  ; 
this  inference  w^as  actually  verified  in  the  case  of  wolfram  steel. 

Some  observed  changes  in  length  under  different  tensions  are 
exhibited  in  the  following  tables  :  — 


T=lß7  gr. 

T=827  gl". 

T=2 

L45  gr. 

T=à] 

L25  gr. 

H 

—  xlO« 

H 

—  xlO« 

H 

—  xlO« 

H 

rV 

6.3 

0.82 

7.0 

0.55 

6.5 

0.08 

6.8 

—0.08 

15.9 

1.89 

16.3 

1.13 

16.3 

0.22 

15.7 

—0.25 

23.2 

2.11 

23.1 

1.29 

23  3 

0.27 

23.2 

—0.49 

40.6 

1.89 

34.1 

1.32 

38.3 

0.14 

36.4 

—0.61 

57.4 

1.65 

49.6 

1.10 

57.6 

—0.22 

53.7 

—1.04 

82.1 

1.34 

74.0 

0.77 

79.8 

—0.58 

74.4 

—1.35 

124.8 

0.77 

97.9 

0.27 

110.1 

—1.13 

97.5 

—1.85 

212.9 

—0.77 

156.1 

—0.82 

180.4 

—2.61 

155.2 

—2.99 

345.1 

—2.94 

277.1 

—2.99 

308.5 

—4.71 

275.4 

—5.16 

491.4 

—4.58 

430.4 

—4.97 

496.7 

—7.14 

427.0 

—7.27 

728.7 

—5.71 

728.5 

—6.89 

737.2 

—8.43 

732.0 

—9.30 

Here  T  is  the  tension  per  square  millimeter,  H  the  external  field, 
and  -J-  the  elongation  of  the  wire. 
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.5.  ll'olfram  Steel.  Fig.  3  represents  the  results  for  wolfmm 
steel  hardened  by  stretching  ;  the  anomaly  of  the  change  of  length 
for  the  steel  Avas  already  pointed  out  by  Professor  Xagaoka  and 
one  of  us.  The  anomaly  gradually  disappears  as  the  tension  is 
increased  ;  and  by  a  tension  of  25.63  kilograms  per  square  millimeter, 
the  steel  behaves  like  a  well  annealed  soft  iron.  The  amount  of  the 
diminution  of  the  magnetic  elongation  per  gram  is  considerably 
smaller  than  that  of  other  ferromagnetics. 

Fis;.  4  shows  the  relation  between  the  chano-e  of  lenirth  and  the 
tension  under  a  constant  held.  In  this  case,  the  proportionality 
between  the  tension  and  its  effect  on  the  mao^netic  chano;e  of  length  is 
almost  satisfied. 

Another  wire  of  wolfram  steel  was  Avell  annealed  and  tested, 
giving  the  results  shown  in  Fig.  5.  Here  we  notice  that  the  anneal- 
ing quite  effaces  the  anomaly,  increasing  at  the  same  time,  the  effect 
of  tension  on  the  changfe  of  lens'th. 

The  following  table  contains  some  of  the  results  of  observations 
on  tlie  hard-drawn  wolfram  steel  : — 


r=4430  gr. 

T=l 

965  gr. 

r  =  1.5030  gr. 

T=:  25630  gr. 

H 

H 

H 

J/ 
-—  X  10« 

H 

—  xlO« 

36.8 

0.63 

34.0 

0.33 

34.9 

0.41 

34.S 

0.16 

4G.7 

1.11 

45.7 

0.98 

43.7 

0.71 

50.3 

0.60 

68.4 

2.07 

67.0 

1.71 

62.1 

1.83 

75.1 

0.79 

89.9 

2.45 

88.0 

2.26 

82.6 

1.52 

99.7 

0.82 

138.5 

2.64 

137.2 

2.39 

125.2 

1.60 

158.2 

0.35 

256.2 

2.17 

252.7 

1.88 

209.0 

1.14 

278.8 

—0.54 

385.2 

1.70 

382.5 

1.30 

346.8 

0.41 

432.2 

—  1.36 

557.8 

1 .36 

549.0 

0.87 

493.2 

—0.16 

603.0 

—1.82 

740.8 

1.06 

733.8 

0.49 

733.9 

—0.46 

742.5 

—2.23 
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6.  Nickel.  As  will  be  seen  from  Fig.  6,  tlie  effect  of  tension 
in  weak  fields  is  to  diniinisli  the  contrnction  due  to  niagnetiz- 
afioii,  and  the  amount  of  diminnfion  increases,  as  the  tension  is 
increased.  Tn  strong  fields,  the  ct)ntrarv  is  tlic  case.  Fig,  7  shows 
the  relation  hetween  the  chano'e  of  leno-th  and  the  tension  nnder  a 
constant  field.  Fnch  of  the  curves  has  a  minimuin  ])oint  except  in 
weak  fields.  As  the  field  is  increased,  tlie  minimum  occurs  hy  greater 
tension. 


Some  of  the  results  of  measurement   are   sfiven  in   the  f^llowin"' 


tabl( 


3'  =  S68  ar. 

T  =  22 

89  gr. 

T  =  4804  gr. 

T=56H0  gv. 

H 

-—  X  10« 

H 

H 

—  X  10« 

H 

0.1 

—   1.1 

6.5 

—  0.6 

7.0 

—  0.4 

7.5 

—  0.1 

17.0 

—  8.2 

14.7 

—  3.3 

14.9 

—  1.0 

16.1 

—  0.6 

28.1 

—  12.1 

28.5 

—  7.5 

28.5 

—  2.8 

28.4 

—  1.4 

80.4 

—  15.8 

82.2 

—  12.0 

34.8 

—  5.6 

82.7 

—  2.6 

88.6 

—  19.8 

40.6 

—16.1 

49.5 

—10.5 

43.6 

—  4.3 

56.9 

—24.4 

56.0 

—22.7 

61.2 

—14.8 

61.4 

—  8.4 

81.4 

—28.5 

81.4 

—29.1 

78.9 

—21.8 

88.5 

—  16.9 

122.9 

—82.6 

128.4 

—35.0 

110.1 

—29.4 

136.7 

—28.9 

208.8 

—86.3 

207.8 

—40.1 

179.3 

—87.2 

245.8 

—88.9 

806.8 

—87.7 



__ — 

277.1 

—41.8 

345.1 

—  42.0 

489.6 

—88.8 





382.5 

—43.5 

481.8 

—42.8 

In  Bidwell's  experiment,  the  effect  of  londing  less  than  8.5 
kilograms  per  scpiare  millimeter  was  not  studied  ;  but  his  gener.al 
results  agree  with  those  of  the  present  experiment. 
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7.  Nickfl  Sted.  Tlie  magnetic  change  of  Icngtli  under 
constant  tension  of  tluî  annoaUNl  nickel  steel  (45%  Ni)  whose 
thickness  is  1.44  nini.  is  shown  in  Fig.  S.  The  anomaly  of  the 
magnetic  elongation  in  nick(4  st('(4  had  heen  already  observed  hy 
Professor  Nao-aoka  and  one  of  us.  The  existence  of  a  maximum 
elongation,  Avhich  is  the  characfcrislic  for  iron,  is  not  observed,  but 
the  wire  singularly  elongates  to  an  asymptotic  value,  as  the  held  is 
increased.  Apart  from  otluT  ferromagnetics,  the  effect  of  tension  on 
the  magnetic  elongation  is  considerably  large  ;  the  tension  diminishes 
the  (4ongation,  and  by  a  tension  of  1.4  kilograms  j)er  square  milli- 
meter, the  elongation  is  already  diminished  to  half  its  value 
corresponding  to  no  tension. 

To  study  s])ecially  the  effect  of  heavy  loadings,  a  wire  O.ôO  min. 
thick  was  made  of  the  same  alloy.  After  a-  moderate  annealing,  it 
was  subjected  to  an  experiment  to  see  whether  it  would  become 
shorter  than  the  initi;d  length  when  magnetized  under  a  heavy  load- 
ing. This  actually  occurred  as  shown  in  Fig.  I).  With  a  tension  of 
2(!.l)  kilograms  ])er  square  millimeter,  the  lerigth  of  the  wire  was 
decideiUv  shortened  when  maü'netized.  Since  the  deuTee  of  annealin»;' 
was  different  in  the  iWu-k  iVoni  the  thin  wire,  the  maii'netic  chanofe 
of  length  f(jr  these  two  wires  in  the  same  held  and  tension  did  not 
exactly  coincide. 

The   curves   showing   the  relation   between  the  change  of  length 

and  the  tension  under  a  constant  field  is  shown  in  Fig.  10.  Here  we 
observe  that  the  rate  of  the  diminution  of  the  maofnetic  elon^'ation 
becomes  less,  as  the  tension  is  increased. 

Some  of  the  results  of  observations  are  «»'iveu  in  the  followinfif 
table  :  — 
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2=463  gr. 

T=1889  gr. 

T  =  2618  gr. 

T=5070gr. 

H       -j-x  10« 

H      —  X  10« 

H 

fil 
I    xlO^ 

H 

ol 

6.8         2.87 

5.4         2.84 

6.8 

1.88 

6.7 

0.51 

152         6.77 

15.2         5.18 

15.7 

8.88 

16.8 

1.08 

23.5         9.84 

84.8         8.81 

23.5 

4.86 

88.9 

1.59 

46.7       18.08 

48.4         9.24 

46.2 

5.64 

49.2 

1.92 

68.2       14.68 

61.6       10.26 

67.7 

6.21 

67.4 

2.05 

89.4       15.50 

81.9       10.82 

88.9 

6.67 

88.5 

2.16 

188.5       16.47 

125.0       11.84 

187.6 

6.98 

186.8 

2.86 

256.2       17.44 

218.8        12.10 

252.7 

7.44 

251.0 

2.41 

885.1       17.80 

850.4       12.67 

881.6 

7.75 

881.6 

2.57 

686.1       18.00 

658.9       18.44 

625.6 

8.01 

627.4 

2.87 

\Yith  the  other  annealed  nickel  steel  {?>b%  Ni),  whose  thickness 
is  1.50  mm.,  the  njiture  of  the  ma2:netic  elong-ation  and  the  eitect  of 
tension  are  generally  the  same  as  those  of  the  former  alloy,  as  sh(^wn 
in  Fig.  11.  The  course  of  the  curve  for  heavy  loading  is,  however, 
quite  difl'erent  from  that  for  light  loading.  For  a  tension  of  4.76 
kilograms  per  square  millimeter,  the  wire  first  contracts  and  then 
elongates  when  the  field  is  gradually  increased,  so  that  the  form  of  the 
curve  is  similar  to  that  of  the  maofnetic  chano^e  of  leng^th  in  cobalt. 
Fig.  12  shows  that  the  rate  of  diminution  of  the  magnetic  elongation 
b}'  tension  decreases  as  the  tension  is  increased. 

The  curves  corresponding  to  T=^0  in  Figs.  8  and  11  are  the 
results  obtained  by  Professor  Nagaoka  and  one  of  us,  and  are 
reproduced  here  for  the  sake  of  comparison. 

The  following  table  contains  some  of  the  results  of  our  measure- 
ments : — 
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7  =435  gr. 

T=1299  gr. 

7=24 

52  gr. 

T  =  4' 

752  gr. 

H 

—  xlC' 

// 

—  X  lO«-' 

H 

TI 

;■■).'.) 

\.\)-l 

7.2 

1.49 

0.8 

0.52 

O.H 

+  0.08 

10.1) 

4.07 

15.7 

2.00 

14.9 

0.89 

17.1 

—0.00 

20.8 

5.()0 

28.2 

8.29 

28.5 

1.12 

28.:} 

— 0.2:i 

84.8 

0.77 

84.1 

8.00 

84.8 

1.17 

80.2 

—0.28 

OG.G 

7.<)9 

08.1 

4.82 

78.9 

1 .48 

78.0 

—0.49 

S2.0 

8.28 

89.4 

4.. 58 

97.7 

1.02 

109.0 

—0.52 

180. S 

8.51) 

138.1 

4.89 

155.9 

1.75 

179.8 

—0.57 

247.0 

9.58 

252.7 

5.4-1 

277.1 

2.15 

300.8 

—0.14 

875.0 

9.88 

878.2 

5..S1 

427.0 

2.78 

508.8 

+  0..54 

098.8 

10.48 

018.8 

0.87 

774.0 

•1.04 

720.0 

+  1.1-1 

rt  was  Olli-  first  intention  to  perform  the  same  experiment  on  a 
cobalt  wire  in  order  t(3  examine  Bidwell's  results;  but  having  no  such 
material  at  our  disposal,  we  leave  \\ie  subject  for  future  considerations. 

In  conclusion,  we  wish  to  express  our  l)est  tlianks  to  Professor  IT. 
XaL;aoka,  and  also  to  Professor  A.  Tanakadatc  for  valuable  advice  and 
»•uidance. 
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Note  on  the  Vibration  of  Ferromagnetic  Wires 
placed  in  a  Varying  Magnetizing  Field. 

By 

K.  Honda,  Rigahuslii, 

and 
S.  Shimizu,  Bigakushi. 

1.  It  is  well  known  that  ferromagnetic  bodies  emit  an  audible 
sound  at  the  moment  of  making  and  breaking  the  magnetizing 
current.  Page'^  first  heard  the  sound  in  the  magnet,  when  an  electric 
current  passed  through  a  copper  spiral  placed  between  tlie  poles  of  a 
horse-shoe  magnet.  The  sound  was  more  intense  at  the  break  than 
at  the  make.  A  Similar  phenomenon  was  also  observed  by 
Delezenne"-*.  Marrian^^  placed  an  iron  or  steel  wire  in  a  coil,  and 
by  making  and  breaking  the  magnetizing  current,  he  heard  a  sound 
due  to  the  longitudinal  fundamental  vibration  of  the  wire.  Matteucci^^ 
examined  the  effect  of  tension  and  found  that  the  pitch  of  the  sound 
was  independent  of  the  tension,  but  that  the  intensity  was  decidedly 
increased.     The  investi si-ation  with  iron  bars  of  different  leng-ths  led 

1)  Page,  Pogg.  Ann.  43,  411,  1838  ;  Wiedemann's  Electricität  III,  838. 

2)  Delezenne,  Bibl.  univ.  ser.  nouv.  Iß,  406,  1838. 

3)  Marrian,  Phil.  Mag.  25.  382,  1844. 

4)  Matteucci,  Archives  5,  389,  1845. 
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Wertheim"  tö  the  conelusion  th:it  eaeh  har  vil)rated  in  its  faiida- 
inental  mode.  l">y  ])assiTig  an  intermittent  current  tlirough  the 
ma^netizinsf  coil,  he  heard  a  continuous  sound,  the  pitch  of  which  was 
the  same  as  that  of  the  make  or  hreaiv  (^f  the  current.  The  thickness 
of  the  bar  liad  no  effect  on  tlie  pitcli  of  tlie  sound.  Xonmagnetic 
bodies  «"ave  no  sound  under  similar  conditions.  He  then  concluded 
that  the  vibration  of  the  wire  was  produced  by  the  magnetic  change 
of  length,  lîeatson-^  noticed  a  sound  produced  in  a  stretched  iron 
or  steel  wire  carrvins;  an  intermittent  current.  De  la  Kive'^  tried, 
not  only  the  bars  of  iron  and  steel,  but  also  those  of  lead,  zinc, 
bismuth,  tin,  antimony,  platinum,  gold  and  silver.  He  placed  these 
bars  between  the  poles  of  an  electromagnet  and  passed  an  intermittent 
current  throuirh  them.  Thev  all  sounded,  the  ferromaiinetic  metals 
producing  sound  only  with  the  intermittent  current  through  them, 
although  there  was  no  magnetizing  held  acting.  The  experiments 
with  fine  powders  of  several  metals  and  coaks  gave  similar  result. 
He  ascribed  the  phenomenon  to  some  transpositions  of  molecules. 
Ferguson^'and  Ader®'  noticed  similar  phenomenon  with  intermittent 
as  well  as  alternate  currents.  Trowbridge®'  found  that  nickel  and 
cobalt  also  produced  sound  under  similar  conditions.  In  studying 
the  eifect  of  tension  imd  compression  t)n  the  intensity  of  sound 
produced  in  iron  and  nickel  bars,  Bachmetjew'^'  found  that  the  effect 
was  parallel  to  that  of  the  tension  on  the  magnetic  change  of  length. 
He  thus  concluded  that  the  intensity  of  the  sound  is  a  function  of 
the  change  of  lengtli  by  magnetization. 

1)  Wertheim,  Pogg.  Auti.  ^^,  43,  1848. 

2)  Beatsou.  Electr.  Mag.  April  184G  ;  Arch,  de  Genève  2,  113,  1846. 

3)  de  la  Rive,  Phil.  Trans.  \,  39,  1847;  Pogg.  Ann.  76,  270;  Arch,  des  Se.  phys.  et  nat. 
25.  311,  1866  ;  Pogg.  Ann.  128.  452  ;  Ann.  de  chim.  et  de  phys.  [4]  8.  305,  1866. 

4)  Ferguson,  Pro.  Roy.  Soc  ,  Edinb.,  March  6,  1878  ;  Beibl.  3,  205. 

5)  Ader,  Couipt.  rend.  88.  G41,  1879  ;  Beibl.  3,  G42. 

6)  Trowbridge,  Beibl.  3,  289,  1879  ;  Proc.  Amer.  Acad.  H,  Dec.  114,  1878- 

7)  Bachmetjew,  Exner's  Kep.  26.  137,  1890  ;  Beihl.  14,  537- 
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"2.     A  sliort  consideratioM  of  these  results  leads  us  to  distino-uish 

o 

three  kinds  of  tlie  sound.  The  tirst  is  the  combined  effect  of  the 
magnetic  force  and  the  electric  currerit.  The  sounds  noticed  by  Page, 
Delezenne  and  de  la  Rive  belong  to  this  category  ;  they  do  not  depend 
upon  the  magnetic  property  of  the  substance,  but  on  the  mechanical 
action  produced  by  the  magnetic  force  and  current. 

The  second  kind  of  sounds  accompanies  the  magnetization  or 
demagnetization  of  a  magnetic  substance  at  the  make  or  break  of 
a  magnetizing  current.  The  sounds  noticed  by  Marrian  arid  others 
belong  to  this  category.  The  cause  of  the  sound  is  probably  the  change 
of  length  by  magnetization.  When  a  magnetic  substance  is  suddenly 
magnetized  or  demagnetized,  it  elongates  or  contracts  and  attains  its 
linal  length,  after  several  oscillatory  changes  in  length  have  occurred 
in  quick  succession.  This  oscillation  will  produce  a  clinging  note 
at  the  moment  of  magnetization  or  demagnetization.  This  view  is 
favoured  by  the  experiments  of  Marrian  and  Wertheim.  But  Matteucci 
tound  that  the  tension  does  not  affect  the  pitcli  of  the  sound  ;  if  his 
result  were  true,  the  vibration  would  be  of  more  complex  nature. 

The  third  kind  of  sounds  is  one  accompanying  magnetization  by 
an  intermittent  or  alternate  current  of  a  definite  frequency,  or  one 
produced  when  the  above  mentioned  current  is  passed  directly  through 
the  substance.  The  sound  is  probably  produced  by  the  continuous 
series  of  vibration  above  referred  to.  The  experiments  of  Beatson  and 
others  will  agree  with  this  view. 

De  la  Rive  and  Wiedemann  ascribe  the  cause  of  the  phenomenon 
to  the  molecular  effect,  but  Wertheim  and  Bachmetjew  to  the 
magnetic  change  of  length.  We  also  consider  it  highly  probable  that 
the  change  of  length  is  the  cause  producing  the  sound  belonging  to 
the  second  and  third  kinds.  The  present  experiment  was  undertaken 
to  get  a  clearer  insight  into  the  nature  of  the  plienomenon. 
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8.  In  all  previous  experiments,  the  range  of  the  frequency  of 
an  intermittent  or  alternate  current  \vas  very  limited  ;  but  in  our 
case,  a  string  alternator"  was  introducerl   for   continuously  varying 

p      tlie      period      of      the 
current.     The  arninge- 


ment  is  shown  in  the 
^     annexed     figure.       A 

copper  wire  is  hori- 
zontally stretched  ;  one  of  the  ends  is  fixed  to  a  support  S,  while 
the  other  passing  over  the  pulley  P  is  attached  to  a  weight  (}.  The 
wire  is  electrically  insulated  at  the  centre  R,  so  that  the  current 
through  the  two  mercury  cups  nij  and  m.,  flows  in  the  circuit  C. 
The  ])attery  currents  pass  through  the  two  mercury  contacts  Mj  and 
Mo.  The  vibration  of  the  string  is  maintained  constantly  oscillating 
by  the  electromagnet  n  and  s.  If  the  string  is  set  in  vibration  with 
a  single  node  at  R,  an  alternate  current  is  produced  in  the  circuit  C  ; 
if  only  one  set  of  batteries  is  used,  an  intermittent  current  is  produced 
in  the  same  circuit.  The  frequency  of  alternation  or  of  interruption 
can  easily  be  varied  by  the  change  of  length  and  of  tension  of  the 
wire,  c,  and  C2  are  two  condensers  with  a  suitable  capacity  to 
diminish  the  sparks  at  the  mercury  contacts  M,  and  M2. 

For  the  stud}^  of  the  vibration  of  a  ferromagnetic  wire  under  a 
varying  field,  we  used  Professor  Xagaoka's  apparatus  for  the  measure- 
ment of  the  minute  change  of  length.  In  the  present  experiment, 
the  glass  fibre  in  the  slit  of  the  collimator  was  removed  and  the  fine 
slit  illuminated  by  a  gas  flame  was  used  instead.  The  image  of  the 
slit,  after  reflection  by  the  revolving  mirror  and  refraction  through  a 


1)     K.  Honda  and  S.  Shiuiizu,  Amer.  Jour.  Sc.  10.  6i,  1900;  Phy.  Zeitsch.  2  Jahrgang, 
25.371,  1901. 
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converging  lens,  was  formed  in  the  field  of  n  micrometer  ocular. 
If  the  wire  makes  a  rapid  longitudinal  vibration,  its  amplitude 
can  be  measured  bv  observing-  the  broadenini»-  of  the  imasfe 
of  the   slit. 

The  wire  to  be  tested  was  21  cm  long  and  1.5Û  mm  thick.  The 
magnetizing  coil  was  30  cm  long  and  wound  in  4  layers  on  a  wooden 
frame  and  gave  a  field  of  19.82  C.G.S.  units  due  to  a  current  of  one 
ampere.  The  coefiicient  of  self-induction  of  the  whole  circuit  was 
5.2  X  10^  cm  and  its  resistance  12.9  i^,  so  that  the  time  of  relaxation 
w^as  -l.O  X  10~*  seconds. 

4.     The  results  of  experiments  may  be  summarised  as  follows  :  — 

(a)  Wires  of  nonmagnetic  metals  give  no  sound  by  an 
intermittent  or  alternate  field  of  any  frequency  up  to  200 
per  second. 

(b)  A  ferromagnetic  wire  emits  îin  audible  sound  in  an  inter- 
mittent or  alternate  field. 

(c)  The  pitch  of  the  sound  is  always  the  same  as  that  of  the 
make  or  break  in  an  intermittent  or  alternate  current. 

(d)  The  amplitude  of  vibration  is  in  general  far  greater  than 
the  change  in  length  produced  by  a  constant  field  of  such 
strength  that  it  is  equal  to  the  maximum  value  of  the 
intermittent  or  alternate  field. 

The  pitch  of  the  sound  was  determined  by  tuning  a  monochord 
to  the  period  of  the  sound  and  counting  the  number  of  beats. 
From  the  results  above  mentioned,  we  may  safely  conclude  that 
the  sound  produced  in  the  ferromagnetics  is  due  to  the  magnetic 
chanofe  in  lenofth  of  the  wire.  One  make  or  break  of  the  current 
forces  the  wire  to  accomplish  a  vibration,  and  a  succession  of  such 
series  constitutes  a  sound,  the  pitch  of  which  is  the  same  as  that  of  the 
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make  and  break.  If  Uns  view  be  true,  the  pitch  of  the  sound  due  to 
an  alternate  current  must  be  double  thiit  of  the  sound  due  to  an 
intermittent  current  for  the  same  number  of  vibrations  of  the  string 
alternator,  becau.se  the  magnetic  change  of  length  is  independent  of 
the  direction  of  the  field.  By  an  actual  experiment  analogous  to 
that  of  Lissajous,  we  found  this  inference  to  be  verified.  The  above 
results  also  .show  that  the  magnetic  change  of  length  occurs  so 
quickly  as  to  follow  rapid  changes  of  magnetization  of  as  much  as 
150  reversals  per  .second. 

If  the  frequency  be  kept  constant,  the  relation  between  the 
amplitude  of  vibration  and  the  maximum  field  during  one  complete 
period  of  vibration  is  similar  to  the  relation  of  the  change  of  length  to 
a  steady  field.  The  maximum  field  u.sed  in  most  of  our  experiments 
was  o0.7  C.G.S.  units. 

It  is  also  to  be  observed  that  if  an  intermittent  or  alternate 
current  is  pas.sed  through  a  spiral  of  nonmagnetic  metal,  an 
audible  .sound  is  produced.  This  is  perhaps  due  to  the  periodic 
attraction  of  the  currents  flowing  through  the  spiral  in  the  same 
direction,  and  is  of  a  quite  different  nature  from  the  sound  above 
referred  to. 

5.  Gradually  varying  the  frequency  of  the  intermittent  or 
alternate  current,  while  the  range  of  the  field  was  kept  constant,  we 
observed  the  singular  phenomenon  that  the  amplitude  of  vibration 
passed  through  several  maxima  and  minima.  Two  marked  maxima 
and  minima  were  observed  in  the  case  (^f  nickel  wire.  The 
maxima  occurred  at  the  frequencies  of  80  and  150  per  .second,  while 
the  minima  at  the  frequencies  of  68  and  I-IO  per  second.  The 
phenomenon  which  was  chiefly  due  to  the  longitudinal  vibration  of 
the  wire,  was,  to  a  certain  extent,  modified  by  the  resonance  of  the 
system,  consisting  of  a  reflecting  mirror  and  two  springs  attached  to  it, 
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to  the  periodic  vibration  of  the  wire  due  to  the  magnetic  change  of 
length.  The  positions  of  the  maxima  and  minima  were  not, 
however,  materially  changed  by  the  length  of  the  wire,  or  the  tension 
of  the  springs.  In  the  case  of  iron,  the  magnetic  change  oî  length 
for  the  same  field  strength  was  small,  so  that  the  phenomenon  was 
not  very  marked. 

To  study  the  phenomenon  specially,  we  used  another  arrange- 
ment ;  the  apparatus  was  the  same  as  that  described  in  the 
preceding  paper,  used  for  the  measurement  of  tlie  magnetic  change 
of  lenofth  under  constant  tension.  The  wire  to  be  tested  was  about 
60  cm  Ion"-  and  0.4  mm  thick  :  to  the  extremities  of  the  wire,  two 
copper  wires  of  nearly  the  same  thickness  were  soldered.  It  was 
hung  vertically  in  the  axial  line  of  a  magnetizing  coil  80  cm  long  so 
as  to  lie  nearly  in  a  uniform  field,  and  to  its  lower  end  was  attached 
a  weight,  l^ear  the  lower  end  of  the  copper  wire,  a  thin  rotating 
cylinder  carrying  a  reflecting  mirror  was  placed  horizontally  and 
came  in  contact  with  a  suitable  pressure  to  the  vertical  wire.  The 
working  of  the  arrangement  was  the  same  as  in  the  preceding 
experiment. 

The  magnetizing  coil  was  wound  in  4  layers  and  gave  a  field  of 
26.0  C.G.S.  units  due  to  a  current  of  one  ampere.  The  coefficient 
of  self-indaction  of  the  whole  circuit  was  1.66x10"  cm  and  its 
resistance  18.2  i>,  so  that  the  time  oi  relaxation  was  9.1x10"* 
seconds. 

With  the  above  arrangement,  we  found  also  two  marked  maxima 
in  the  amplitude  of  vibration  for  iron  as  well  as  for  nickel,  ihe 
amplitude  of  vibration  is  plotted  against  the  frequency  of  the  current 
in  Figs.  1  and  2.  In  both  cases,  the  maximum  field  during  one 
complete   period    of  vibration  is  28.5  C.G.S.  units,  and  the  weight 
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attached  to  the  lower  end  of  the  wire  is  reduced  to  the  weight  per 
square  milHmeter. 


Iron  wire. 


(frequency) 


140 


XlO 


Fig.  2 


Nickel  wire. 


(frequency) 


As  will  be  seen  from  the  figures,  the  maximum  amplitude  of 
vibration  and  the  frequency  corresponding  to  the  maximum  increase 
with  weight.  lîy  altering  the  length  of  the  ferromagnetic  wire, 
the  positions  of  the  maxima  and  minima  are  but  slightly  affected. 

These  positions  of  the  maxima  and  minima  do  not  coincide 
with  those  in  the  former  case  ;  the  first  maximum  occurs  in  a  higher 
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frequency  and  the  second  in  a  lower  one,  the  difference  amounting 
in  each  case  to  about  20.  The  tirst  maximum  is  also  of  a  frequency 
higher  by  at  least  2.5  times  than  that  calculated  on  the  conside- 
ration that  tlie  phenomenon  is  due  simply  to  the  elastic  vibration 
of  the  wire. 

Instead  of  attaching  a  weight  to  the  free  end  of  the  wire,  the 
same  end  was  stretched  by  means  of  a  spiral  spring  fixed  to  the 
stand.  Varying  the  frequency  of  the  intermittent  or  alternate 
current,  the  maxima  and  minima  of  the  amplitude  of  vibration  were 
also  observed,  as  shown  in  Fiü".  o.  In  this  case,  the  first  maximum 
occurred  at  a  frequency  of  about  75  per  second  for  iron  as  well  as  for 
nickel,  and  the  second  at  a  frequency  higher  than  IGO  per  second  for 
these  two  metals.  These  positions  of  maxima  and  minima  were  almost 
independent  of  the  tension  arid  of  the  length  of  the  spring. 


à 


so 


Iron  wire. 


100 


ISO 


Fi 


■7^ 


a 


xio 


60 


Nickel  wire. 


■11 


Whether  these  complicated  phenomena  nre  capable  of  being 
explained  simply  by  the  elastic  vibration  and  the  magnetic  change 
of  length  without  taking  account  of  the  time-lag,  or  whether  they 
prove  the  existence  of  this  effect,  requires  further  experimental 
and  theoretical  considerations. 
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üiir  host  thniiks  are  duc  to  l'i'ofcssor  Xiigaoka  nn<l  alsr)  (o 
Professor  'l';iiiaka(late  for  tlieir  kind  iriiidaiioe  in  carrying  out  tlie 
present  experiment. 
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Absolute  Messung  der  Schwerkraft  in  Kyoto, 

Kanazawa,  Tokyo  und  Mizusawa  mit 

Reversionspendeln  ausgeführt 


von 


H.  Nagaoka,  Professor  der  Physik  an  der  Universität  zu  Tokyo, 
Mitglied  der  Japanischen  Geodätischen  Kommission, 

S.  Shinjö,  aiisserordenthchem  Professor  der  Physik  an  der 

Universität  zu  Kyoto,  ausserordenthchem  Mitghed 

der  Japanischen  Geodätischen  Kommission, 

und 

R.  Ötani,  diplomiertem  Student  der  Geodäsie  an  der 
Universität  zu  Tokyo. 


Mit  2  Tafeln. 

Aeltere  Messungen. 

Die  erste  Bestimmung  der  Schwerkraft  in  Tokyo  wurde  von 
Ayrton  und  Perry  1878  unternommen.  Ein  Drahtpendel,  welches 
9,3»/.  lano^  war,  wurde  mit  einer  Stahlschneide  versehen  und  an 
einem  Balken  im  Hauptgebäude  des  Polytechnischen  Instituts  (des 
damaligen  Köbudaigaku)  in  Tokyo  aufgehängt,  und  mit  der 
Amplitude  von  30c;;/.  am  unteren  Ende  in  Schwingung  versetzt. 
Die  Schwingungsdauer  dieses  Pendels  wurde   mit  dem   Chronograph 
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durch  Queck.silbüruntL'rl)ivcluiii<j:  bestimmt.  ]\Iaiiu-clhat't  wie  diese 
Methode  der  Zeitbestimmiin<T  erscheinen  mai!;,  war  die  Liini^enbestim- 
mung  dieses  Pendels  noch  gröber,  als  der  Draht  bei  der  Abmessung 
horizontal  auf  zwei  Flaschenzüo-e  ü'estreckt  wurde.  Keine  Correction 
für  die  Kriimmuni>-  der  Schneide  und  für  die  Mitschwinii-uno-  wurde 
angebracht  ;  überdies  ist  die  Temperatur  des  Drahtes  nicht  genau 
ermittelt  worden.  Als  schliessliches  Resultat  dieser  rohen  Schwere- 
messung ergab  sich  der  Wert  für 

^  =  979,82- '"'• 


sec. 


für  die  Breite  o5°  40/1  und  die  Länge  ostlich  von  Greenwich  138° 
44',<S. 

Eine  feinere  Messung  wurde  einige  Jahre  später  von  Mendenhall 
mit   dem    l>orda'schen  l^endel   auso-eführt.     Das    Pendel   wurde   von 

o 

Salleron  nach  dem  Apparat  von  Borda  construirt.  Am  Ende  eines 
feinen  Platindrahtes,  ungefähr  ein  Meter  lang,  wurde  eine  Messing- 
kuo;el  von  36/;/;y/.  Durchmesser  ano-elöthet.  Die  Schwins^uno^sdauer 
wurde  mittelst  eines  Chronographs,  welcher  mit  einem  Chronometer 
in  Verbindung  stand,  gemessen.  Die  Längenmessung  geschah  durch 
eine  Scala,  die  von  demselben  Mechaniker  geliefert  und  mit  einem 
metallischen  Thermometer  versehen  wurde.  L^nter  den  verschiedenen 
Korrectionen,  die  zur  lleduction  der  Beobachtuno-  vor2;-enommen 
werden  müssen,  fehlten  diejenige  für  die  Krümmung  der  Schneide 
sowie  für  die  Mitschwingung,  welche  letztere,  wie  man  leicht  aus 
dem  kleinen  Momente  der  schwingenden  Kugel  ersehen  wird,  ziemlich 
srerino;  wwesen  sein  muss.     Als  schliessliches  Resultat  fand  er 

f7=979,84-''''- 


sec. 


für  die  Breite  85°  41 ',4  und  die  Länge  139°  4 G ',6. 
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Im  Jahre  1883  haben  die  Herren  Smith  und  Pritchett  des  U.  S. 
Coast  und  Geodetic  Survey,  Tokyo  an  Washington,  Singapore  und 
San  Francisco  angeschlossen,  mittelst  drei  invariablen  Pendeln,  die 
auch  von  Herschel  und  anderen  zur  Anschlussmessung  zwischen 
Greenwich,  London,  Washington  und  anderen  Orten,  gebraucht 
worden  sind. 

Der  Unterschied  in  der  Schwingungsdauer  des  Pendels  Xo.  4 
ist  ziemlich  gross  im  Vergleich  mit  den  zwei  anderen.  Walker 
schreibt  dieses  einem  fremden  Körper  zu,  welcher  ohne  sein  Wissen  mit 
dem  Pendel  die  Beweo-uns:  mito-emacht  haben  möo-e.  Nach  unserer 
Erfahruno^  finden  wir  oft  o-rosse  Schwankuno;en  der  Schwino-unçfsdauer, 
während  der  langsam  verlaufenden  Erdbeben.  Solche  Bewegung 
entgeht  unserer  Empfindung,  aber  mit  dem  Plorizontalpendel  kann 
man  die  Bodenschwankung  messen.  Da  ein  solches  Instrument 
während  dieser  Messung  nicht  aufgestellt  worden  war,  so  ist  es  nicht 
mit  Gewissheit  zu  sagen  ob  die  Hauptursache  dem  Erdbeben  zuzu- 
schreiben sei  ;  aber  es  ist  höchst  wahrscheinlich  dass  in  Tokyo,  wo 
man  sehr  oft  Bodenschwankungen  der  oben  geschriebenen  Art 
verspürt,  das  Pendel  auch  von  einem  solchen  Ereigniss  betroffen 
wurde  (siehe  w.  u.) 

Wecken  dieser  Abweichuno;  findet  man  keine  Uebereinstimmuns" 
der  Resultate  unter  einander  ;  als  Mittel  dieser  drei  Messungen  findet 
man 


sec- 


mit  Anschluss  an  den  von  Deffbro-es  für  Greenwich  crefundenen  Wert. 

o  o 

Es  ist  aber  zu  bemerken  dass  der  Unterschied  zwischen  den  zwei 
Pendeln  Xo.  4  und  Xo.  II  gleich  0,2cnilser  ist  ;  ferner  felüt  für 
jede  Station  die  Korrection  für  die  Mitschwingung,  was  dem  Wert 
der  Resultate  viel  einträo't. 
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Lieutenant  Muttone  iler  Kaiserlielien  Osterreich-unofarischen 
Marine  hat  im  Jahre  18J)()  die  Schwerkraft  in  Tokyo  (auf  der  Stern- 
warte) an  diejenige  in  Pola  angeschlossen.  Dabei  wurde  das  Han> 
secundenpendel  nach  Sterneck  gebraucht.  Die  so  erhaltenen  Beo- 
bachtungen der  Koincidenzen  stimmen  ziemlich  gut  zu  einander,  aber 
der  Wert  der  Schwerkraft  ist  ausserordentlich  klein  (reiben  die  di-ei 
anderen  Messungen,  die  wir  oben  kurz  skizzirt  haben.  Hierbei 
wurden  alle  Korrectionen  mit  Ausnahme  der  Mitschwing-ung-  berück- 
sichtigt  und  die  Aenderung,  die  das  Pendel  während  der  Reise  erlitten 
haben  mag,  ist  äusserst  klein,  wie  die  Beobachtungen  vor  und  nach 
der  Reise  klar  machen  werden.  Trotz  dieser  schönen  Uebereinstim- 
mung  und  der  scheinbaren  Unveränderlichkeit  des  Pendels  findet 
man  abnorme  Werte  der  Beschleunigung  der  Schwerkraft.  Für 
Tokyo  (Breite  35°  ;39',3)  giebt  Muttone 

Î7  =  979,687-^ 

^  '        sec' 

während  er  für  Yokohama,  welches  einige  Minuten  südlich  von 
Tokyo  liegt,  findet 

^  =  979,745-^^ 
sec- 

Die  hier  angegebenen  Zahlen  zeigen  grosse  Schwerestörung  in  der 
Nähe  von  'J'ökyö.  Es  ist  hiernach  selbstverständlich  dass  irgend 
welcher  Fehler  in  den  beiden  Resultaten  versteckt  lieg-t. 

Wie  bereits  von  Herschel  bemerkt  worden  ist,  leidet  die 
Beobachtungungsmethode  von  Ayrton  und  Perry  an  grosse  Un- 
sicherheit ;  obgleich  das  Resultat  von  Smith  und  Pritchett  dem  Wert 
des  anderen  Beobachters  nahe  kommt,  so  sind  die  einzelnen 
l^eobachtungen  stark  von  einander  abweichend,  sodass  man  kein 
grosses  Gewicht  darauf  legen  kann.  Xur  die  Messung  von  Mendenhall 
ist  etwas  zuverlässiger  ;  hätte  er  ein  Instrument  von  noch  neuerer 
Konstruction   gebraucht,   so   würde  es  fast  unnötig  gewesen  sein  das 
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Experiment  zu  wiederholen.  Gegenwärtig  kann  man  den  Genauig- 
keitsgrad bedeutend  steigern,  wenn  man  mit  einem  geeigneten 
Messapparat  die  Beobachtungen  ausführt  und  die  verschiedenen 
Korrectionen,  die  früher  gar  nicht  berücksichtigt  worden  sind,  in 
Betracht  zieht. 

Aus  den  oben  ano-es^ebenen  Resultate  ersieht  man  dass  die 
Schwerkraft  in  Tokyo,  mit  Ausnahme  der  Muttone'schen  Messung, 
viel  grösser  ist  als  die  für  gleiche  Breite  an  anderen  Orten  gefund- 
enen AA'erte.  Als  Regel  aber  findet  man  Abweichungen  in  dem- 
selben Sinne  für  die  meisten  Inselstationen. 

In  Ermano-eluno;  einer  o-enauen  Messuno;  war  es  sehr  wünschens- 
wert  die  l^eobachtuns:  mit  einem  anderen  feineren  Instrumente  zu 
wiederholen  und  die  Frage  aufzuklären,  ob  ein  bedeutender  Unterschied 
zwischen  dem  berechneten  und  dem  beobachteten  Wert  wirklich 
bestehe.  Nicht  nur  von  der  geodätischen  und  der  physikalischen 
Seite  schien  es  höchst  interessant  für  die  Erdbebenforschung  die  Dicke 
der  störenden  Schicht  auszurechnen,  da  diese  Schicht  offenbar  mit 
der  Häufigkeit  der  Erdbeben  in  unserem  Land  eng  verknüpft  sein 
wird.  Bei  der  Beo-ründuno-  der  Erdbebenuntersuchung-skommission, 
sind  zwei  von  uns  (X.  und  S.)  mit  der  Messung  der  Schwerkraft 
beauftragt  worden  ;  nachher  ist  diese  Abteilung  der  japanischen 
geodätischen  Kommission  eincorporirt  worden,  sodass  die  hier  zu 
beschreibenden  Resultate  die  Vorarbeiten  zur  absoluten  Schwere- 
messung an  vier  Stationen  darstellen.  Andererseits  wurde  die 
Schweremessung  des  l^andes  nach  der  Methode  der  relativen  Messung 
mit  dem  Halbsekundenpendel  unternommen,  sodass  die  Wahl 
mehrerer  Stationen  zur  absoluten  Messuno;  nicht  nötio-  ist. 
Deswegen  schien  es  uns  wünschenswert  diese  Messungen  zuerst  zu 
veröffentlichen,  da  es  gegenwärtig  nicht  in  Aussicht  steht  die  absoluten 
Messungen  an  anderen  Orte  auszuführen. 


6  ART.  11.— H.  XAGAOKA,  s.  SHIXJÖ  u.  K.  ÖTANI: 

Der  Apparat. 

Der  l'endelappirat,  den  Avir  zur  Jkstimiiiurig-  der  l^vsehleuniguiig 
der  Schwerkraft  gebraucht  haben,  stiuimt  im  wesentlichen  mit  dem 
neueren  des  Könisflichen  Geodätischen  Instituts  zu  Potsdam  überein. 
Der  auf  Anregung  des  Herrn  Geheimrat  Helmert  von  lîepsold  und 
Söhne  ct^nstruirte  Apparat  besteht  aus  zwei  Pendeln  von  gleichem 
Gewichte,  aber  mit  verschiedenen  Schwino-unt^sdauern.  Die  ofenannte 
Firma  unternahm  im  Jahr  1893  die  Konstruction  desselben  Apparates, 
welcher  in  den  wesentlichen  Punkten  mit  demjenigen  des  geodätischen 
Instituts  fast  gleich  ist,  mit  Ausnahme  des  Pendelkastens  und  der 
Vacuumvorrichtuno:.  Er  wurde  schon  1894  fertiof  o-estellt,  aber 
infolo-e  verschiedener  Hindernisse  konnten  die  Beobachtuno-en  erst  im 
Sommer  1897  begonnen  av erden.  Die  hier  mitgeteilten  Resultate 
beziehen  sich  auf  die  Messungen,  die  1899  und  1900  von  uns  aus- 
geführt worden  sind. 

Die  beiden  Pendel  wiegen  o,6ohj  und.  die  Schneidenabstände 
betragen  1;//.  und  i),'25m.  resp.,  sodass  eins  als  Sekunden-und  das 
andere  als  Halbsekunden-pendel  diente.  Die  Achatschneiden  sind  in 
Messin  «•hülsen  dur(.'h  zwei  Druckschrauben  festofeklemmt  :  sie  sind 
aber  vertauschbar  und  können  für  Sekunden-und  Halbsekunden-pendel 
gebraucht  werden.  Die  Kanten  der  Schneiden  bilden  einen  AVinkel 
von  120°  für  eine  Breite  der  einigen  Micron,  dann  Avurde  der  Kanten- 
winkel auf  90°  verrino-ert. 

Beim  Meterpendel  wurde  die  Stange  zu  schwach  und  stark 
biegsam  gefunden.  Sie  besteht  aus  einem  gezogenen  Messingcylinder 
von  15,9»?///.  Durchmesser,  dessen  Enden  etwas  kesrelförmiiT  iredreht 
worden  sind.  Diese  endigen  in  Hülsen,  mittels  welcher  das  Pendel 
auf  die  Konsole  gelegt  werden  k;inn.  Über  diese  Unterbrechung, 
hinaus  setzten  sich  die  Kegel  weiter  f^rt,  bis  sie  in  zwei  Cylindern 
endio-ten.     Der  schwere  Cvlinder  ist  aus  o:eo:ossenem  Messino-  und  ist 
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o2,Sm)u.  hocli  bei  79,8???;//.  Durchmesser,  während  der  leichte  Cylinder 
ans  Messingblech  angefertigt  ist  und  ganz  dieselbe  äussere  Gestalt  hat 
wie  der  Schwere.  Dieser  Cylinderkasten  wurde  durch  eine  Messin o-- 
stange  längs  der  Axe  versteift  ;  um  einen  Druckunterschied  innerhalb 
der  Kastens  zu  vermeiden,  wurde  er  mit  einer  kleinen  Schraube 
specieller  Goristruction  versehen,  welche  die  innere  Luft  mit  der 
äusseren  in  Verbindung  setzt.  Die  beiden  Cylinder,  mit  den  dazu 
gehörenden  kegelförmigen  Stangen,  wurden  an  das  Pendel  festge- 
schraubt, sodass  man  diese  untereinander  vertauschen  konnte.  Neben 
der  Achatschneide  findet  man  an  beiden  Seiten  einen  kleinen  ebenen 
Spiegel  zur  Beobachtung  der  Schwingungsdauer  durch  Konicidenz- 
apparat. 

Das  Halbsekunden pendel  ist  viel  steifer  als  das  Sekundenpendel 
aber  ähnlich  gebaut.  Da  das  Gewicht  dieses  Pendels  mit  dem  Meter- 
pendel gleich  sein  muss,  so  wurde  die  Mitte  der  Stange  durch  einen 
dicken  Cylinder  verstärkt.  Die  beiden  Cylinder  an  den  Enden  der 
Stange  wurden  vertauschbar  gemacht  wie  bei  dem  Meterpendel. 

Das  Stativ  ist  aus  massivem  Gusseisen  und  kann  an  der  Wand 
oder  an  einem  Pfeiler  festgeschraubt  werden.  An  einem  hervor- 
ragenden 'I'eil  des  Stativs,  nicht  weit  vom  Pfeiler  wurde  eine  Achatebene 
auf  der  Konsole  festgelegt.  Durch  drei  starke  Schrauben,  welche  in 
das  Stativ  eingelegt  sind,  kann  man  die  Achatebene  nivelliren.  Wenn 
das  Pendel  auf  die  Konsole  gelegt  wurde,  so  konnte  man  mittelst  einer 
Schraube,  die  ausserhalb  des  Stativs  gedreht  werden  kann,  das  Pendel 
auf  der  Ebene  legen  oder  von  dieser  wegschieben,  ohne  es  mit  der 
Hand  zu  berühren. 

Das  Pendel  war  von  einem  grossen  Hohlcylinder  aus  Messing- 
blech umgeben,  welcher  mittelst  mehreren  Schrauben  an  dem  Stativ 
festgehalten  Avurde.  Über  das  Stativ  wurde  eine  Glasglocke  gedeckt, 
sodass  sie   mit   dem   einen    Teil  der  Stativs  und  dem  Cylinder  einen 
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Luftdichtkasten  Ijildet.  Damit  ni:in  das  IViidel  unter  verschiedenem 
Druck  schwinüfen  zu  la.sscn  konnte,  wurde  der  Cylinder  mit  einem 
Manometer  versehen,  und  mit  einem  Ventil,  wodurch  man  die  Luft 
aus  dem  Pendelkasten  pumpen  konnte.  Dieser  Metallkasten  bildet 
eine  Isothermfläche,  um  die  Temperatur  innerhalb  constant  zu  halten. 

Zur  Kestimmung  der  Pendeltemperatur  dienten  zwei  Thermo- 
meter, die  in  tV  Grad  geteilt  sind  ;  die  Quecksilberkugel  des  oberen 
Thermometers  wurde  in  der  Nähe  der  Schneide  angebracht  und  die 
des  unteren  nahe  der  Mitte  der  Pendelstange. 

Der  Schneidenabstand  w^urde  mittelst  A'ertikalcomparators 
gemessen,  welcher  an  das  Stativ  geklemmt  werden  kann.  Die  Micro- 
scope wHU'den  mit  Fadenmicrometer  versehen,  dessen  Bewegung  an 
der  Trommel,  welche  in  100  Teile  geteilt  war,  abgelesen  werden 
konnte.  Einem  Teilstrich  entspricht  ungefähr  ein  Micron.  Der 
Maassstab  hat  H-formigen  Querschnitt  und  war  aus  Pliosphorbronce. 
Die  Correction  sowie  der  Ausdehnungscoefficient  des  Stabes  wurde  im 
Bureau  international  des  poids  et  mesures  in  Sèvres  bestimmt.  Die 
Scala  wurde,  während  der  Beobachtung,  gegen  die  Wärmestrahlung 
durch  eine  besondere  Vorrichtung  geschützt. 

Biegungscorreclion. 

Wie  von  Helmert  in  seiner  Theorie  des  Reversionspendels  genau 
discutirt  wairde,  bietet  die  Biegungscorrection  des  Meterpendels  die 
Hauptschwierigkeit  bei  der  Bestimmung  des  Schwerkraft,  wenn 
man  sich  eines  bieg-samen  Pendels  bedienen  will.  Zur  o-enauen 
Bestimmunof  dieser  Korrection  benötio-t  man  der  Kenntniss  der 
Dichtisrkeit  und  des  Dehnunsfsmoduls  der  Pendelstang'e,  sowie  deren 
geometrischer  Gestalt. 

Zu  diesem  Zwecke  wurde  ein  kleines  Stück  des  Messingstabes, 
aus  welchem  die    Pendelstange  angefertigt   ist,    von  Bepsold  bezogen 


ABSOLUTE  MESSUNG  DER  SCHWERKRAFT.  9 

und  die  Dichtigkeit  desselben  durch  hydrostatische  Wägung  bestimmt. 
Es  ergab  sich  durch  dieses  directe  Verfahren  die  Dichtigkeit  der 
Stange  zu  8,571.  Da  aber  das  Pendelgewicht  nicht  aus  gezogenem 
sondern  aus  gegossenem  Messing  gemacht  ist,  so  war,  wie  gewöhnlich, 
ein  Dichtio-keitsunterschied  zwischen  diesen  zwei  Arten  von  Messino- 
anzunehmen.  Leider  konnten  wir  das  Gewicht  nicht  ins  Wasser 
eintauchen,  daher  haben  wir  es  zweckmässig  gefunden  das  Gewicht 
herauszuschrauben  und  dessen  Gewicht  sowie  das  Volumen  zu 
bestimmen,  um  daraus  die  Dichtigkeit  genau  ausrechnen  zu  können. 
Es  ergab  sich  dabei  für  die  Dichtigkeit  der  Wert  8,203,  welcher 
bedeutend  kleiner  ist  als  für  die  Pendelstange.  Dieser  Unterschied 
wurde  in  der  Rechnung  der  Biegungscorrection  berücksichtigt,  da  der 
Einfluss  des  schweren  Gewichtes  auf  die  Biegungscorrection  beträcht- 
lich ist. 

Um  die  Rechnung  der  Biegungscorrection  einigermassen 
erleichtern  und  "-leichzeitio-  controUiren  zu  können,  wurde  die  Intesra- 
tion  teils  mechanisch,  teils  direct  ausgeführt.  In  demjenigen  Teil 
der  Pendelstange,  wo  der  Durchmesser  constant  bleibt,  w^urde  auf 
480m»«.  Länge,  das  Integral 

direct  berechnet  ;  im  übrigen  Teile  wurde  die  Methode  der  mechani- 
schen Quadratur  verfolgt,  da  man  leicht  den  Rechnungsfehler  con- 
statiren,  und  schon  durch  srleiche  Teiluno-  in  ie  lOmin.  die  Inteofration 
ziemlich  genau  vornehmen  kann.  Zu  dem  Zwecke  wurden  die 
Pendelgewichte  und  die  Stange  in  Intervallen  von  lOmiii.  mit  dem 
Kontactmicrometer,  wodurch  ein  Dickenunterschied  von  0,01/»;».  sich 
leicht  constatiren  lässt,  gemessen.  Wo  man  das  Volumen  oder  den 
Trägheitsradius  nicht  durch  directe  Messung  finden  konnte,  w^urden 
diese  Werte  durch  ein  besonderes  Verfahren  bestimmt. 
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Der  DiclitigkeitsLiiiterschicd  iilr  «las  schwere  Gewicht,  welches 
wie  oben  bemerkt  wurde,  kleiner  ausfiel  wie  diejenige  der  Stange, 
wurde  das  Integral  mit  einer  Kon.staiite  imiltipHcii-t,  damit  alJe  Teile 
auf  die  gleiche  JJiclitigkeit  ((L  //.  <S,571)  reducirt  werden  könnten. 
Gleiches  gilt  auch  für  die  Achatschneide,  aber  der  Einfluss  dieses  Teils 
auf  die  l)ieü'uii£rscorrection  ist  äusserst  (jerinof. 

Nicht  minder  wichtig  als  die  Dichtigkeitsdifferenz  ist  die  Rolle, 
welche  die  Elasticitätscon.stante  in  dieser  Correction  spielte.  Da  der 
bietrsamste  Teil  des  Pendels  eine  ungefähr  ein  Meter  lange  Stano-e 
bildet,  80  wurde  die  Elasticitätsconstante  dieses  Teils  mit  grosser 
Soro:falt  untersucht.  Es  ist  immer  zu  befürchten,  dass  man  einen  zu 
kleinen  AVert  erhielte,  wenn  man  zu  dieser  Untersuchung  das  Micro- 
scop  benutzen  würde,  da  die  Stützpunkte  gewöhnlich  niedergedrückt 
und  dadurch  die  liieo^uns'  sclieinbar  grösser  gefunden  wird.  Diese 
Unsicherheit  zu  vermeiden,  haben  wir  den  cylindrischen  Teil  der 
Stange  auf  zwei  Stützen  gebracht  und  zwei  kleine  Spiegelchen  an 
beiden  Enden,  da  wo  die  Stjinge  kegelförmig  zu  werden  anfängt, 
vertikal  befestigt  durch  eine  besondere  A  orrichtung,  welche  die  Stange 
keinesweofs  beschädig-t.  In  der  Mitte  dieses  Cvlinders,  wurde  ein, 
einige  hundert  Grammes  schweres  Gewicht  aufgehängt,  und  mittels 
Scala  und  Fernrohr  konnte  man  die  Verschiebung  der  Scalenteilung 
sehr  genau  an  den  durch  die  zwei  Spiegel  retlectirten  Bilder  messen 
und  die  Senkuns;  daraus  berechnen.  Als  Resultate  mehreren  Reo- 
bachtungen  fanden  wir 

E  =  '.),49l  xlO"     C.G.S.  FAnlieiten. 

Hieraus  ersieht  man  dass  die  Elasticitätsconstante  unseres  Pendels 
kleiner  als  beim  Potsdamer  Pendel  ist  ;  trotz  dieses  Unterschieds 
fällt  dort  die  Riegung  viel  gnlsser  aus  als  mit  dem  unseren,  was 
durch  die  Differenz  der  Dichtigkeit  und  der  geometrischen  Gestalt 
des  Pendels  bedingt  wird. 
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Die  Keclmungsresultate  sind  in  folgender  Tabelle  gegeben  ;  dabei 


sind  Helmert's  Ijezeiclinunofen  çrebraucht 

C5  O 


Schweres  Gewicht  unten. 

Schweres  Gewicht  oben. 

+  18858 
.  -   168 

+  75510 
-   225 

ii—L—L, 

+  168070 

+  649120 

Benutzt  man  diese  Werte,  so  erhält  man  als  Bieofunsfscorrection 
für  die  Länge  des  Sekundenpendels 

-329«* 

Die  Dichtigkietsbestimmung  scheint  die  Hauptursache  der 
Unsicherheit  in  dieser  Bestimmuno-  zu  sein  ;  es  ist  wohl  möglich 
dass  dieser  Wert  von  der  Wirklichkeit  um  einige  Procent  entfernt  ist. 
Ausserdem  ist  die  Aenderung  der  Elasticität  an  denjenigen  Stellen, 
wo  die  Endgewichte  dem  Pendel  angeschraubt  sind,  nicht  berück- 
sichtigt ;  es  mag,  nach  genauerer  Untersuchung,  noch  eine  Korrection 
hinzuzufüo^en  sein,  die  den  oben  hero-eleiteten  Wert  um  einen  gerinsfen 
Ürachteil  modiüciren  wird. 


Bestimmung  der  Schwingungsdauer. 

Zur  Bestimmung  der  Schwingungsdauer  liaben  wir  immer  das 
Chronometer  Xegus  1S91  gebraucht.  Zweifellos  erzielt  man  genauere 
Kesultate  mit  der  Pendeluhr,  aber  die  Häufigkeit  der  Erdheben  in 
unserem  Inselreich  verbietet  uns  den  Gebrauch  der  sonst  schöno-ehenden 
astronomischen  Pendeluhr.  Dns  Erdbeben,  welches  als  starker 
Stoss  unserem    Körper   fühlbar  ist,    macht   das  Pendel  sehr  unregel- 

*  Im  Berichte  der  18ten  Konferenz  der  internationalen  Erdmessuno-  wurden  die  Resultate, 
wobei  die  Biegungscorreetion  =320/<  angenommen  ist,  mitgeteilt.  Die  Rechnung  wurde  revidirt 
und  für  einen  Fehler  conigirt. 
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massig  schwingen,  so  (l:iss  niclit  nur  die  Schwingungsbeobach- 
timsr  selbst, . sonderen  iiiicli  dir  der  zur  IJestiinnuniii:  der  Schwin- 
srunofsdauer  dienenden  Uhr  durch  solchen  Stoss  i^estürt  wird,  und 
oft  erfolfift  zuletzt  ein  ü-unz  univuchniissiuTr  I  hr^-ang.  Es  ist  in  der 
That  eine  uno'liickliche  Eiofenschaft  des  Landes,  dass  man  die  anderswo 
sehr  îrenau  irehende  Pendeluhr  zum  Zwecke  der  astronomischen 
Beobachtung  und  der  Schwerkraftsbestimmung  nicht  l)enutzen  kann. 
]\Ian  hat  demnach  von  dieser  Idir  al)zusehen,  und  das  Schiffschrtnio- 
meter  an  deren  Stelle  zu  setzen.  Dass  das  Instrument  gegen  kleine 
Störungen  wie  schwaches  Erdbeben  sich  sehr  gut  verhielt,  macht  es 
schon  für  unseren  Zweck  ganz  empfehlenswert,  aber  es  hat  verschie- 
dene Xachteile,  die  man  nicht  leiclit  vermeiden  kann.  Der  tägliche 
Ganof  des  Chronometers  ist  nicht  so  reo-elmässio-  wie  bei  der  Pendeluhr; 
es  entstehen  bisweilen  Unregelmässigkeiten  beim  Aufziehen.  Die 
Kompensation  des  Chronometers  kann  nicht  so  genau  geschehen  wie 
bei  der  Pendeluhr,  sodass  die  Störung  durch  Aenderung  der  Tempera- 
tur und  des  Luftdruckes  nicht  zu  vermeiden  ist  ;  gegen  die  Wirkung 
der  ersteren  muss  man  besondere  Sorgfalt  nehmen  damit  das  Chrono- 
meter rea'elmässiü'  "•eht.  Ausserdem  ist  das  Instrument  bisweilen 
plötzlichen  Aenderungen  unterworfen,  sodass  man  sich  nicht  ganz 
sicher  auf  die  Beobachtung  verlassen  kann,  die  nur  mit  einem 
Chronometer  auso-efiihrt  wurde.     ]\L'in  nimmt  daher   mindestens  zwei 

o 

Chronometer  mit,  die  oft  unter  einander  verglichen  und  in  Bezug  auf 
plötzliche  Aenderungen  controllirt  und  corrigirt  werden  müssen. 

Zur  l^estimmuno-  des  täii'lichen  Gan^'s  haljen  wir  immer  die 
Zeitbestimmung  mit  dem  Durchgangsinstrument  ausgeführt  ;  ge- 
wöhnlich wurden  7  oder  8  Sterne  jede  Xaclit  beobachtet  und  der 
Durchgangsmoment  an  5  Fäden,  mit  welchen  das  Instrument  versehen 
war,  chronographisch  registrirt.  Der  mittlere  Fehler  der  durch  die 
Methode    der    kleinsten   Quadrate    reducirten   Zeitgleichung  beträgt 
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un2:efähr    ±  0,02  seh.     Wie  man  aus  der  Tabelle  des  täg-lichen  Ganors 

O  '  OD 

leicht  ersieht,  ist  er  nicht  constant  ;  wo  die  Beobachtung  wegen  der 
schlechten  Witterung  unterbrochen  werden  musste,  wurde  der  mittlere 
Wert  eingesetzt. 

Die  Schwino^uno^sdauer  wurde  durch  die  Koincidenz  des  Pendels 
mit  dem  Chronometer  gefunden.  Zur  Beobachtung  der  Koincidenz 
wurde  ein  Apparat  construirt,  welcher  im  wesentlichen  mit  dem 
Sterneck'schen  übereinstimmt.  Da  aber  das  Koincidenzintervall 
beim  Sekundenpendel  mehr  als  ^i  Minuten  betrug,  so  war  es  nötig 
die  Vergrösserung  des  Fernrohrs  zu  steigern,  und  das  Ocular  mit 
einem  Micrometer,  welches  in  tV"""-  geteilt  war,  zu  versehen.  Die 
Genauiofkeit  der  Decimalschätzung^  wurde  durch  das  Micrometer 
erheblich  s:esteio:ert.     We2:en  der  Verj^rösseruns:  des  Fernrohrs  war  es 

O  O  Cl  CO 

nötig  den  Spalt  mit  einer  kleinen  elektrischen  Lampe  zu  beleuchten. 
Dieser  Apparat  wurde  mehr  als  2hn.  weit  vom  Pendel  auf  dem 
Steinpfeiler  aufgestellt.  \  or  der  Koincidenzbeobachtung  wurde 
das  Pendel,  welches  durch  eine  Hinterschraube  von  der  Achatebene 
frei   (gehalten   ist,   auf  der   Konsole   niedero^elassen   und  durch  einen 

O  '  o 

leichten  Hebel,  der  sich  von  Aussen  bewegen  lässt,  in  Schwingung 
versetzt.  Man  konnte  durch  die  Lage  des  Hebels  dem  Pendel  schon 
eine  passende  Amplitude  erteilen,  um  stets  mit  demselben  Schwin- 
gungsbogen  die  Periode  zu  beobachten.  Die  Temperaturen  wurden 
mittels  zweier  Thermometer  angegeben.  Die  Quecksilberkugel  des 
oberen  Thermometers  stand  einio-e  Centimeter  von  der  Pendelschneide, 

O  ' 

während  sich  die  des  unteren  in  der  Mitte  des  Kastens  befand.  Bei 
dem  Sekundenpendel  kam  das  letztere  in  demselben  Niveau  wie  die 
Mitte  der  Pendelstange  zu  stehen  und  beim  Halbsekundenpendel 
stand  es  ungefähr  20cui.  unter  dem  Endgewichte.  Man  fand 
gewöhnlich  dass  das  obere  Thermometer  eine  höhere  Temperatur  zeigte 
als  das    untere,    wie   es  leicht  das    Vorhandensein  des  Temperatur- 
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oradient.s  un  dus    Lidit    brinu't.      Die   rc'in])ci':itiir  des    IVinlels  Avurde 

nacli  folgendem  Schema  berechnet. 

rr              I       1      Qi       1            ji       \0hen\+"6\  Unten'] 
Temperatur  des  bcl\unaenpcntiels= ■ — — -^ 

rr             M       1      Tj   n     1      ^           7  7      ■^\Oben^  + {Unten] 
lemperatiir  des  Ha(osekimaenpcndeis  =  — ' ■ 

Diese  Thermometer  Avurden  von  Zeit  zu  Zeit  mit  den  Xormal- 
tlicrmnmetern  No.  4242  und  Xo.  424,")  vergh<;lien,  welelie.s  wieiler  in 
der  rhysikalisch-Technisclien  lîeichsanstalt  zu  Charlottenburg  unter- 
sucht worden  waren. 

Der  Duiistdruck  wurde  mit  dem  Augast'«  Pschychrometer 
îremessen,  das  nahe  dem  Pendelkasten  aiifgehäno-t  war.  Der  Luft- 
druck  wurde  mit  dem  (^uecksilberbarometer  in  Kyoto  beobachtet  ; 
anderswo  wurde  ein  Aneroid  (Casella  Xo.  2452),  das  mit  dem 
Xormalbarometer  verglichen  war,  gebraucht. 

Durcli  die  Yergleichung  mehrerer  Messungen  der  Schneidenab- 
stände des  Sekundenpendels  bei  verschiedener  Temperatur  findet  man 
für  den  mittleren  Ausdehnungscoefficienten  der  Pendelstange  zwischen 
20"  und  aO°  den  Wert 

0,00001855. 
]jei  einer   Temperaturditterenz   um    1°C   beti'ägt   die   K<jrrection    der 
Schwingungsdauer  für  das  Sekundenpendel 

93xlO~W 

und  für  das  Halbsekundenpendel 

46  X  10     'sec. 

Der  Eintluss  der  Luftdruckschwankunoen  auf  die  Schwingungs- 
dauer  eines  Reversionspendels  ist  äusserst  gering  ;  schwingt  man 
aber  das  Pendel  in  anderer  Lage  bei  anderem  Druck,  so  hat  man  bis- 
weilen einen  Korrection  für  den  Unterschied  der  verdrängten  Luft 
hineinzubriniren,  die  sich  folsrendermassen  berechnen  lässt. 
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Folgt  man  den  l^ezeichnangen  von  Ilebnort  nnd  setzt  die  Masse 
der  verdrängten  Luft  gleich  m  und  vi  +  om  wenn  die  Schwingfunofs- 
daner  resp.  gleich  T^  und  T.^  ist,  so  wird 

Ti-L  (il///i - mhi)  =  M (Ä-  +  /r)  +  ym 
T-fL  { MJu  —  {in  +  om)hi }  =  M  (k-  +  Jr)  +  y  {m  +  oin) 
Durcli  Subtraction  erhält  man 

Setzt  man 


om 

IT 


lii-fh 


so  wird 


L 


A 


hlT^-T^)       VI  ^^ 


wo 


Da 


^hT,+ 


h,-Ji, 


so  wird 


M         r 

Vernachlässigt  man  r,  welches  eine  sehr  kleine  Grösse  ist,  so  wird 

±_    om  hl      _.j 

^  "  ~W     h,-h,  '' 

Mim  erhält  dadurch 

f^'   \  fVh~h:)         M         M       Ih-h.  I 
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Die  Korrection  wegen  der  Differenz   der   verdrängten   Luft  beträgt 
daher 


71/      //!-/<., 
Es  sei  das  Volumen  des  Pendel  s  =  F;  dann  ist 

(nii  —  !>i — {-—  V 
P 

M=pV 

wo  (>i  die  Dichtigkeit  der  Luft,  p  diejenige  des  ganzen  Pendels,  und 
p  den  Luftdruck  bezeichnen.     Für  das  Sekundenpendel  ist 

folo'lich  wird  die  Korrection 


__   i'i 


op  L- 


P      p     2{h,-h.;) 

für  das  Sekundenpendel. 

Für  op  =  \mm.     Quecksilbergewicht  beträgt  die  Korrection  für  die 
Länge  des  Sek  un  den  pen  del  s 

-O.OOOSOöwm?. 

Au.sgedrückt    als    Unterschied    in    der    Schwingungsdauer    ist  diese 
Korrection  gleich 

-0,00000015  sei. 

wenn  der  Druck  grösser  ist  für  T.y  wie  für  Ti. 

Für  das  Halbsekundenpendel  geht  diese  Korrection  über  in 

-0,00000001, 

was  vernachlässigt  werden  kann. 
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Wie  schon  oben  bemerkt  wurde,  waren  wir  genötigt  besonders 
auf  die  seismische  Witterung  während  der  Schwingungsbeobachtung 
zu  achten.  Es  war  sehr  leicht  ein  Erdbeben,  welches  durch  unser 
Gefühl  wahrnehmbar  ist,  jedesmal  zu  berücksichtigen,  da  man  die 
Störung  durch  die  Verschiebung  des  Pendellagers  und  die  gleich- 
zeitig eintretende  plötzliche  Aenderung  der  Schwingungsamplitude 
und  derofleichen  Anzeichen  leicht  constatiren  kann.  Es  wurde 
aber  nicht  selten  ein  heftigerer  Erdstoss  während  der  Schwin- 
gungsbeobachtung bemerkt.  So  unangenehm  es  auch  auf  dem 
ersten  Augenblick  erscheinen  mag,  muss  man  solche  Beobach- 
tun(j:en  ig-noriren,  da  diese  keinen  Wert  besitzen.  Es  hat  sich  aber 
nach  mancher  Erfahrung  erwiesen,  dass  man  bisweilen  grosse 
Abweichuno^en  in  der  Schwino-uno^sdauer  des  Pendels  beobachtet, 
ohne  etwa  eine  plötzliche  Aenderung  des  Uhrgangs  oder  den  Erdstoss 
selbst  zu  bemerken.  Solche  Störungen  wurden  gewöhnlich  durch  ein 
sehr  langsam  verlaufendes  Erdbeben  verursacht;  solche  Schwankungen 
des  Erdbodens  werden  nicht  als  Stoss  unserem  Körper  fühlbar,  sondern 
erscheinen  als  horizontale  Bewegungen  von  colossaler  Amplitude,  wie 
sie  auf  dem  Horizontalpendelseismometer  registrirt  wurden.  Es  ist 
deren  langer  Periode  zuzuschreiben  dass  die  Bewegung  uns  nicht  zum 
Bewusstsein  kommt.  Trotzdem  konnte  man  sehr  leicht  die  Wirkung 
dieser  Bodenschwankung  auf  die  Schwingungsamplitude  verspüren, 
da  das  Pendel  einigermassen  durch  die  Bewegung  beeinflusst  wird. 
Während  der  l^eobachtunof  der  Schwing'uno^sdauer  hat  einer  von  uns 
(N)  ganz  ohne  Absicht  eine  schöne  Erfahrung  gemacht,  gelegentlich 
des  grossen  Erdbebens  in  Alaska  am  Uten  September  1899.  Ein 
von  der  Ferne  herkommendes  Erdbeben  ist  gewöhnlich  von  sehr 
langer  Periode  ;  aber  in  Tokyo,  wo  der  Boden  nicht  sehr  fest  ist, 
sieht  man  mit  dem  besonders  als  Re^'istririnstrument  auso-estatteten 
Horizontalpendel,  die  beinahe  als  Sinuscurve  verlaufende  Schwankung 
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des  Bodens.  Diese  l^ewegung  ist  keineswegs  stossartig,  sodass  sie  für 
unseren  Körper  ganz  unwahrnehmbar  ist  ;  infolge  dessen  ist  es 
ziemlich  schwer  die  dadurch  verursachte  Unregelmässigkeit  der 
Schwingungsdauer  zu  constatiren,  da  solche  Störung  nur  um  einen 
kleinen  Betrag  Aenderungen  hervorruft.  Als  ein  Beispiel  sei  die 
folgende  Beobachtung  des  Koincidenzintervalls  gegeben. 


Ort  :  Physik.  Institut,  Universität  zu  Tokyo, 


Beob  :  H.  N. 


Datum  :  Uten  Sept.,  1899.  Chronometer  :  Negus  1891. 


Pendel  :  Sekundenpendel. 


Schneidencombn.  u.  Lage  :  I.  F.  o.  h. 


Mittl.  Zeit. 

Thermometer. 

Baro- 
meter. 

Hygro- 

Ausschlag. 

oben. 

unten. 

meter. 

Anfang 

h         m 

6  41.8  V 

2L62 

2L60 

mm 

756.8 

2L00-21.°55 

1.75  X  14.'3 

Ende 

7  32.1  „ 

21.60 

21.60 

756.8 

21.10-21.65 

0.98  X     „ 

Mittel 

7    7.0  „ 

21.61 

21.60 

756.8 

21.05-21.60 

1.31  X     „ 

Corr.  u.s.w. 

0.0 

-0.08 

-0.08 

-  0.6 

0.00     0.00 

Corrig. 

7    7.0,, 

21.53 

21.52 

756.2 

mm 

18.0 

18.'7 

Nr. 

Koincidenz. 

Nr. 

Kc 

)incidenz. 

10  Koiiic.  interv. 

1 

hm               s 

5      15     56.4 

11 

h 

5 

m              s 

42     28.7 

m              s 

26     32.3 

2 

18     35.2 

12 

45       8.0 

32.8 

3 

21     14.0 

13 

47     46.8 

32.8 

4 

23     53.0 

14 

50     26.0 

33.0 

5 

26     32.7 

15 

53       5.7 

33.0 

6 

29      12.5 

16 

55     44.5 

32.0 

7 

31     52.0 

17 

58     22.0 

30.0 

8 

34     31.0 

18 

6 

1       1.0 

30.0 

9 

37     10.1 

19 

3     42.2 

32.1 

10 

39     49.1 

20 

6     20.4 

31.3 

Mittel 


26     31.93 
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Die  horizontale  Bewegung  des  Bodens  ist  in  Tafel  I  gegeben, 
wie  sie  von  Herrn  Prof.  Omori  mit  seinem  Horizontal pendel  registrirt 
worden  ist. 

Nachdem  diese  Bodenschwankung  vorübergegangen  war,  wurde 
die  Schwingungsdauer  neu  bestimmt  und  daraus  gefunden,  dass  die 
Störung  die  Periode  um  70  x  10  sek.  verringert  hatte.  Vor  solcher 
Bodenschwankung  muss  man  immer  gewarnt  sein,  und  jedesmal  dass 
solche  Störung  vorkommt,  muss  man  die  Beobachtung  unterbrechen. 
Jeder  Schwereforscher  in  eJapan  ist  genötigt  das  Seismometer  mitzu- 
nehmen, damit  seine  Beobachtung  von  dieser  Störung  frei  sei.  Wir 
haben  stets  ein  kleines  Seismometer  zur  Seite  gehabt  und  dessen 
Bewegung  von  Zeit  zu  Zeit  beobachtet  ;  wo  möglich,  ist  es  bequem 
das  Seismometer  selbstregistrend  zu  bauen,  und  auf  demselben  Pfeiler 
wie  das  Pendel  das  Instrument  aufzustellen.  In  Kyoto  und  Kana- 
zawa  ist  uns  solche  Störung  nicht  begegnet,  aber  in  Mizusawa  haben 
wir  eine  ausserordentlich  grosse  Aenderung  der  Schwingungsdauer 
bemerkt,  welche  wir  nachher  auf  die  Bodenschwankung  zurück- 
zuführen Grund  hatten.  Ferner  haben  wir  gefunden  dass  eine 
kleine  Bodenerschütterung,  die  sehr  schwer  zu  vermeiden  ist,  das 
Pendel  nicht  stark  beeinflusst,  wenn  es  mit  grosser  Amplitude 
schwingt.  Deswegen  war  es  immer  ratsam  mit  passendem  Schwing- 
unofsboofen  zu  beobachten,  da  die  Korrection  auf  unendlich  kleine 
Amplitude  nicht  beträchtlich  ist  und  ferner  mit  grosser  Genauigkeit 
sich  ancreben  lässt.     Die  Gestalt  der   Schneide  wird  sich  aber  etwas 

o 

geltend  machen,  aber  wir  glauben  dass  der  ^"orteil,  der  durch  grössere 
Schwingungsamplitude  erzielt  wurde,  viel  bedeutender  ist  als  der 
nachteilige  Einfluss,  welcher  von  der  Schneidengestalt  herrührt. 
Gewöhnlich  wurden  beide  Pendel  mit  der  mittleren  Amplitude  von 
unofefähr  20  Bo2"enminuten  in  Beweofuno;  versetzt. 
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Bestimmung  der  IVIitschwingungscorrection. 

Diese  wichtige  Korrection  wurde  iiaeh  einem  anderen  N'erfalnvn 
ermittelt,  wie  es  schon  von  verschiedenen  Forschern  vorgeschlagen 
worden  ist.  Im  Wesentlichen  beruht  die  hier  benutzte  Methode  Jiuf 
der  Bestimmuniif  der  dem  Pendelstativ  durch  die  bekannte  Zu^-kraft 
erteilte  Verschiebun"-,  die  sich  äusserst  leicht  und  mit  ^-rosser 
Genauigkeit  beobachten  lässt.  Schon  Hertz  hat,  in  seinem  Elektro- 
dynamometer,  eine  Methode  angezeigt,  wie  man  mit  einem  feinen 
Draht,  der  um  einen  anderen  umo:ewunden  ist,  die  A^erschiebun<>-  des 
ersteren  durch  die  Drehung  des  letzteren,  wie  man  sie  mittelst  der 
Spiegelablesung  beobachtet,  stark  vergrüssern  kann.  Unser  A^erfahren 
beruht  auf  demselben  Princip,  welches  von  Hertz  schon  angewandt 
war. 


Ein  kleiner  Cylinder  (C)  (OßOiimi.  Durchmesser)  aus  Wolfram- 
stahl wurde  an  beiden  Enden  zugespitzt  und  zwischen  zwei  kegel- 
förmigen Achatpfannen  gelegt.  Diese  Achatpfannen  wurden  im 
Messingcylinder  eingelegt,  welcher  durch  eine  Adjustirschraube  (A) 
einer  sehr  feinen  Bewegung,  ohne  sich  zu  drehen,  längs  der  Cylinder- 
axe  fähig  ist.  Um  den  Cylinder  (C)  wurde  ein  feiner  Draht 
(Durchmesser   0,08?«;?/.)   umgewunden  ;    der    Draht  endigt  in  einer 
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schwachen  Spiralfeder  während  das  andere  Ende  dem  Pendellager 
fest  ansreschraubt  wurde.  Wenn  der  Lag-er  sehr  wenio;  verschoben 
wh'd,  so  macht  die  Feder,  die  in  der  Verlängerung  des  Drahtes  ruht, 
die  J^eweofun"-  mit,  und  der  Betraof  dieser  Verschiebuno;  wurde  durch 
die  Drehung  eines  leichten  Spiegels  gemessen,  welcher  an  dem  Cylinder 
(C)  festgekittet  ist.  Der  starke  Messingrahmen,  welcher  diese 
A^orrichtung  trägt,  wurde  an  einem  soliden  Dreifuss,  welches  als  ein 
fester  Punkt  betrachtet  werden  kann,  angeschraubt.  Wenn  man  an 
dem  Pendellao-er  mit  einem  starken  Faden  in  der  Richtuno-  der 
Pendelbewegung  zieht,  so  beobachtet  man  die  Drehung  des  Spiegels, 
M'elche  mit  Scala  und  Fernrohr  ermittelt  werden  kann.  Die 
Verschiebung  von  4,6?»»?.  in  Im.  Abstand  entspricht  bei  dem  von 
uns  gebrauchten  Apparat  der  Verschiebung  um  1/^.  Wenn  die 
Mitschwing-ung"  ziemlich  stark  ist,  so  konnte  man  die  hin-und  her- 
schwing-ende  Eewegrung-  der  Konsole,  die  durch  das  Pendel  hervor- 
gerufen  wird,  leicht  beobachten.  Man  kann  dadurch  entweder  die 
statische  oder  die  dynamische  Constante  in  die  lîechnung  der 
Correction  einführen. 

Zur  Berechnung  der  Correction,  denkt  man  sich  die  Verschiebung 
durch  den  Zug  von  1  kg.  gewicht  =£,  und  das  Grewicht  des  Pendels 
=  u\  dann  beträgt  die  Correction  für  die  Länge  des  Sekundenpendels 

oL=ÎV£ -— . 

A 
Der   Pendelpfeiler  war  ziemlich  fest  gebaut,   so   dass   die   Mit- 
schwing'ung  nur  eine  sehr  kleine  Aenderung-  in  Schwing'uno^sdauer 
hervorbrachte,  in  allen  Messungen  die  wir  ausgeführt  haben. 

Längenmessung. 

Zur  Bestimmung  der  Pendellänge  diente  eine  Phosphorbronce- 
scala,  welche  1026"//?.  lang   war.     Der  Querschnitt  war  H-förmig  mit 
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einblegtem  Silberblech  in  der  Ebene  der  Nullelongation,  auf  welche 
feine  Linien  mit  je  Ivnn.  Intervall  eingeritzt  waren  ;  ein  Ende  der 
Scala  wurde  in  TTriniii.  geteilt  und  diente  zur  Bestimmung  der 
Constante  des  Micrometers,  welches  dem  Averti kal comparator  angehört. 
Diese  Scala  wurde  im  Bureau  international  des  poids  et  mesures  in 
Sèvres,  von  Herrn  Ch.  Ed.  Guillaume  genau  untersucht  und  hat 
die  folgende  Correction,  die  wir  benutzten. 

'J'eilstrich.  Correction. 

ß 

25  cm.  +5,5 

75  cw.  + 1,8 

100  cm.  -0,3 

Der  Ausdehuno-scoefficient  «  betrufj; 

«=0,000016502  +  0,00000000625^ 

mit  dem  Thermometer  à  verre  dur. 

Diese  Correction  ist  nur  bei  der  horizontalen  Lage  der  Scala 
anzuwenden,  so  dass  man  noch  eine  Correction  wegen  der  Verkürzung 
einzuführen  hat,  da  die  Scala  während  der  Messung  immer  vertikal 
aufgehalten  war.     Die  Verkürzung  beträgt  nur  0,o/^  für  1»/. 

Wie  bei  der  Längenmessung  üblich  ist,  wurde  nach  der  gewöhn- 
lichen Methode,  die  Pendelschneide  bei  dunkler  sowie  bei  heller 
Beleuchtung  gemessen.  In  letzterem  Falle  wurde  die  Schneide  mit 
einer  kleinen  elektrischen  Lampe  beleuchtet,  welche  in  solcher 
Entfernung  aufgestellt  wurde,  dass  die  Temperatur  des  Pendels  nicht 
merklich  afficirt  war.  Fast  alle  Beobachtung-en  zeif^en  dass  die 
Länge  bei  dunklen  Schneiden  grösser  ist  als  bei  den  hellen,  wie  es 
von  mehreren  Beobachtern  constatirt  worden  ist. 

Die  schwierig^ste  Aufo^abe  bei  dieser  Messuno;  war  die  Ermittelun«: 
der  genauen  Temperatur  des  Pendels.  Bei  dem  Sekundenpendel 
wurden  einige  Thermometer  neben   dem   Pendel   und  der  Scala  auf- 
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gehängt,  wie  in  der  Figur,  welche  der  Tabelle  (iv.u.)   hinzugefügt  ist, 

angedeutet  wird. 

Die   Temperaturdifferenz    zwischen    diesen    Thermometern    war 

gewöhnlich    nicht    grösser   als    0°,2C.     Diese  Thermometer   wurden 

oftmals  mit  dem  Etalon  verg-lichen  und  corrio^irt. 

Es    war   ein    grosser   Vorteil   für   uns   gewesen,    dass   wir    bei 

Sommerhitze  gearbeitet  haben,  da  der  Einfluss  der  Körperwärme  auf  die 

Temperatur  der  Scala  und  des  Pendels  infolgedessen  äusserst  gering  war. 

Bei  den  Beobachtungen,  wobei  die   Temperatur  der  Umgebung  unter 

20° blieb,  fand  man  gewöhnlich  einen  allmählichen  Temperaturaufsteig, 
Der   Wert    eines   Teilstriches    der    Micrometertrommell    betrug- 

ungefähr    1/x  ;    diese  Constante  wurde   durch  die  in  -rwinm.  geteilten 

Teile  der  Meterscala  ermittelt. 

Die    Verschiedene    Combination    der    .Pendelschneide   und   der 

Gewichte,  wobei  wir  die 
Schwinguno-sbeobachtung-en  und 
die  Längenmessuno;  ausgeführt 
haben,  wird  aus  der  Figur  klar. 
Die  Punkte  beziehen  sich 
auf  die  Schneiden,  welche  resp. 
durch  einen  [•]  und  zwei  [  *  '  ] 
Punkte  unterschieden  waren. 

Die  Lage  des  Schwerpunktes 
wurde  mit  dem  Apparat, 
der  zu  diesem  Zwecke  besonders 
construirt  war,  ermittelt.  Bei 
der  verschiedenen  Combina- 
tionen  der  Schneiden  und  der 
Gewichte  ergab  sich  folgendes 
Eesultat. 


M 


w 


é     ^..    ^ 


j' 


•Ca 


S 


M' 


m' 


N' 


S 


"t 
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Laî^e  (les  Schwerpunktes  (bei  0°) 


Sek 

iindenpendel. 

Halbsekundenpendel. 

Combination 

der  Pendel- 

schneide. 

K 

Ju 

Couibinution 
der  Pendel- 
schneide. 

h. 

//., 

I 

mm 

702,6 

mm 

297,2 

I 

mm 

159,9 

mm 

90,0 

II 

702,6 

297,3 

II 

159,9 

90,0 

III 

702,6 

297,3 

III 

159,9 

90,0 

IV 

702,6 

297,3 

IV 

159,9 

90,0 

r 

703,5 

296,3 

T 

160,0 

89,9 

II' 

703,5 

296,4 

II' 

160,1 

89,8 

III' 

703,5 

296,4 

III' 

160,1 

89,9 

IV' 

703,5 

296,4 

IV' 

160,0 

SI*,'.» 

AVas  den  wahrscheinlichen  Fehler  der  Schlussresultate  anbelangt, 
so  sieht  man  auf  der  Stelle  dass  derjenige  der  Biegungscorrection  alle 
anderen  der  Messresultate  übersteigt.  Auf  rohe  Schätzung  dieses 
Fehlers  hin  kann  man  ihn  nur  auf  ±15//  in  L  angeben,  infolge  der 
Unsicherheit  in  der  Dichtigkeitsbestimmung,  in  der  Elasticitäts- 
constante  und  in  der  gebrauchten  Formel.  Der  tägliche  Gang  des 
Chronometers  wird  einen  Fehler  verursachen,  welcher  den  der 
Bieo-unofscorrection  zunächst  kommt.  Trotzdem  ist  die  Grösse  der 
letzteren  äusserst  gering  gegen  die  ersten,  sodass  man  den  Fehler  der 
Schlussresultate  beinahe  gleich  demjenigen  für  die  Biegungscorrection 
ansehen  kann. 
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KYOTO. 

Der  Pendelraum  (Tafel  II)  liegt  neben  dem  grossen  Hörsaal  des 
physikalischen  Intituts  der  kaiserlichen  Universität  zu  Kyoto.  Der 
Granitpfeiler  für  das  Pendel  wurde  in  der  Mitte  des  Saals  aufgestellt, 
nach  dem  in  der  Fio-ur  o-esrebenen  Plane.  Die  tä2:liche  Variation  der 
Temperatur  innerhalb  des  Beobachtungsraumes  war  äusserst  gering 
und  überstieg  selten  0°,5  C. 

Das  Institut  wurde  gebaut  auf  einem  Boden,  welcher  ziemlich 
fest  ist  ;  er  besteht  bis  zur  Tiefe  von  einigen  Metres  aus  gross  körnigem 
Kies.  Die  Station  liegt  auf  einer  Ebene,  welche  einen  Teil  des  Thals 
bildet,  welcher  nord-östlich  von  der  Hiyei-,  und  nord- west] ich  von  der 
Kurama-Kette  beg-renzt  ist  :  südlich  lieo;en  die  ßero-e  ziemlich  weit 
von  der  Stadt  ab.  Die  Anziehung  dieser  höhen  Gebirge  wird  sich 
etwas  auf  g  geltend  machen,  aber  in  Ermangelung  genauer  Kenntniss 
der  Dichtigkeit,  haben  wir  darauf  verzichtet  diese  Korrection  in  die 
Rechnung  einzuführen. 

Tabellarisch  dargestellt,  lauten  die  Resultate  der  verschiedenen 
Messuno^en  folg'endermassen  : — 
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^Breite  :  35°  l',6 
Station  :■  Länge  :  d^  3™  8^5  östlich  von  Greenwich. 
.Höhe    :  55"*  ;  6»= 2,0 

Physikahsches  Institut  der  Universität  zu  Kyoto. 

Datum  :     14ten  Juh  bis  2ten  August,  1899. 
Beobachter  :  H.  Nagaoka,  R.  Ötani  und  8.  Shinjö. 

Instrumente. 

(Negus  No.  1891  für  Koincidenzbeobachtung. 
Chronometer:-  .    ,     _^     ,      , 

(     ,,         „      lb22     ,,    astronomische  Beobachtung. 

Durchgangsinstrument  :     Troughton  und  Simms. 

Thermometer  :  Gerhardt  Gerhardt  Démichel  Démichel  Démichel 


4242 
Corrn.  bei  27°      -0°,06 


4243  3898  3893  2586 

-0°07       -0°03        -o!o3       -0/23 


Barometer  :     Quecksilber  Barometer  mit  Corrn.  —0,30  mm. 
Hygrometer  :     Psychrometer. 
Seismometer  :     Horizontalpendel. 


Schneiden 
combination  ( 
des  Pendels. 


r 

■Km 


L  bedeutet  leichtes 
Gewicht. 


Biegungscorrection  : 
Mitschwingungscorrection 

Micrometer  : 


^^      S  bedeutet  schweres 
Ffs]  Gewicht. 


Correction  für  Sekundenpendel     —329    /j.  in  L 

„           „    l^s.  pendel               —     2    //  „    „ 

„           „    Sekundenpendel     +     2,6/i  „    „ 

„           „    |s.  pendel               +    10,5/i  „    „ 

Oben     :  IOQp  =  100,30         bei  24° 
Unten  :  100^  =  100,34  „      „ 


ABSOLUTE  MESSUNG  DER  SCHWERKRAPT, 
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Lage  der  Thermometer  : 
0. 


Scala 


Scala 


r' 


□ 


0.  (Für  die  Bestimmung  der 
Schwingangsdauer,  ist  die 
Lage  der  Thermometer 
mit  Strichlinien  von   der- 

17. 

jenigen    bei    der   Längen- 
messung unterschieden.) 


Täglicher  Gang  des  Chronometers  Negus  No.  189L 


Datum  (S. 

z.) 

JT 

Differenz. 

Mittler  täg- 
licher Gang. 

h 

m        s 

1899- Juli- 14 

15,0 

-f43    13,77 

s 

1,12 

s 

1,10 

15 

15,5 

14,89 

1,33 

1,23 

16 

17,5 

16,22 

3,45 

1,16 

19 

16,7 

19,67 

4,59 

1,16 

23 

15,4 

24,26 

2,48 

1,23 

25 

15,6 

26,74 

2,40 

1,19 

27 

15,9 

29,14 

1,06 

1,09 

28 

15,3 

30,20 

1,66 

1,66 

29 

15,4 

31,86 

1,51 

1,44 

30 

16,5 

33,37 

2,44 

1,18 

August    1 

18,2 

35,81 

1,69 

1,73 

2 

17,7 

37,50 
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SCHWINGUNGSDAUER 


Datum. 

Beob. 

Lage. 

Koinc- 
intervall. 

Stangentemp. 

Aus- 
schlag 
in  der 

Mitte. 

Luft- 
druck. 

0. 

u. 

(o)  +  3(u) 

4 

Vir-14 

S            ] 

[      F.o.v. 

156.501 

2G?85 

26!66 

26°71 

19'.2 

mm 
753.4 

,, 

S 

,      F.u.v. 

150.809 

27.05 

26.84 

2G.89 

19.5 

753.3 

jj 

s 

,      F.u.h. 

156.72G 

27.23 

27.01 

27.07 

18.3 

753.5 

,, 

s 

,      F.o.h. 

156.44'J 

27.11 

26.89 

26.95 

19.3 

753.7 

VI 1-23 

s 

,      F.o.v. 

156.758 

26.12 

26.02 

26.05 

19.5 

743.8 

„ 

s 

,      F.u.v. 

157.132 

26.15 

26.03 

26.06 

18.0 

743.5 

„ 

0 

,      F.u.h. 

157.234 

26.32 

26.12 

2G.17 

17.4 

743.2 

'• 

0 

,      F  o.h. 

15G.813 

26.41 

26.24 

26.28 

18.4 

743.2 

VII-15 

0           ] 

['     F.u.v. 

150.814 

27.06 

26.84 

20.90 

19.0 

753.5 

,. 

0 

,      F.o.v. 

156.906 

27.25 

27.01 

27.07 

19.7 

753.1 

,, 

0 

,      F.o.h. 

150.840 

27.36 

27.11 

27.17 

18.5 

753.2 

,, 

0 

,      F.u.h. 

156.695 

27.34 

27.08 

27.15 

17.8 

753.7 

VI 1-23 

N 

,      F.o.v. 

157.103 

26.57 

26.47 

26.50 

19.0 

743.1 

,, 

X 

,      F.u.v. 

156.986 

26.58 

26.49 

26.51 

18.9 

742.8 

„ 

s 

,      F.u.h. 

156.922 

26.65 

26.51 

26..55 

18.9 

743.4 

" 

s 

,      F.o.h. 

1.57.118 

26.53 

26.38 

26.42 

18.1 

7440 

VII-17 

y        I 

r     F.o.v. 

157.006 

26.87 

20.76 

26.79 

19.3 

751.5 

jj 

X 

,      F.u.v. 

156.550 

27.17 

27.01 

27.05 

18.8 

751.0 

,, 

X 

.      F.u.h. 

156.585 

27.30 

27.13 

27.17 

19.1 

750.0 

„ 

X 

,      F.o.h. 

156.988 

27.46 

27.26 

27.31 

19.3 

749.3 

VIII-1 

0 

,      F.o.v. 

157.582 

24.89 

24.75 

24.79 

19.1 

751.4 

" 

0 

,      F.u.v. 

157.060 

25.01 

24.84 

24.88 

18.7 

751.6 

VII-17 

s         I 

I      F.o.v. 

156.442 

27.62 

27.40 

27.46 

19.6 

750.5 

„ 

s 

,      F.u.v. 

156.480 

27.44 

27.19 

27.25 

19.0 

751.2 

,, 

s 

,      F.u.h. 

156.428 

27.24 

27.02 

27.08 

19.1 

751.7 

,, 

X 

,      F.o.h. 

150.472 

27.13 

26.93 

26.98 

19.G 

752.0 

VIII-I 

s 

,      F.o.v. 

157.153 

24.93 

24.72 

24.77 

19.1 

752.4 

„ 

s 

,      F.u.v. 

157.000 

24.79 

24.59 

24.64 

18.6 

753.1 

,, 

X 

,      F.u.h. 

157.221 

23.95 

23.87 

23.89 

18.4 

753.6 

'■ 

X 

,      F.o.h. 

157.235 

24.00 

23.91 

23.93 

19.6 

753.9 

ABSOLUTE  MESSUNG  DEE  SCHWERKRAFT. 
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SEKUNDENPENDEL.     (Kyoto). 


o 

u 

to 

a 

Schwing- 
ungsdauer 

in 

Uhrzeit- 

sek. 

Reduction 

T 

t' 

Korrection 
wegen 
Druck- 
unter- 
schied. 

r 

iu  Stern- 
zeit-sek. 

auf 
Stern- 
zeit. 

für 
a 

auf 

27° 

mm 

i:0.5 
20.9 

1.0064271 
181 

+  128 
+  128 

-20 

-21 

+  27 
+  10 

1.0064406 
298 

(,  ''^  -0.733) 
\  Mil- he,              ' 

'■   1.0Ö64I85 

0 

1.0064485 

20.5 
21.3 

215 

330 

+  128 
+  128 

-18 
-20 

-7 
+  5 

318 
443 

1        535 

0 

535 

21.3 

202 

+  135 

-21 

+  88 

404 

I        515 

0 

515 

21.3 

048 

+  135 

-19 

+  88 

252 

21.1. 
21.2 

21.5 
21.9 

006 
180 

1.0064179 
117 

+  135 
+  135 

+  128 
+  128 

-17 
-18 

-20 
-21 

+  77 
+  67 

+  9 
—  7 

201 
364 

1.0064296 
217 

1        484 
\       1.0064354 

0 
-I 

484 

1.0064505 

1.0064353 

22.3 

22.1 

169 
228 

+  128 
+  128 

-19 
-18 

-16 
-14 

262 
324 

369 

-1 

368 

21.1 
21.1 

060 
108 

+  135 
+  135 

-20 
-19 

+  47 

+  46 

222 

270 

I        305 

0 

305 

20.7 

20.7 

22.4 
22.5 

135 

054 

1.0064100 
4288 

+  135 

+  135 

+  135 
+  135 

-19 
-18 

-20 
-19 

+  42 
+  54 

+  20 
—  5 

293 
225 

1.0064235 
399 

343 

[   1.0Ü64519 

+  1 
+  1 

344 

1.0064343 

1.0064520 

22.6 
22.7 

4273 

4108 

+  135 
+  135 

-20 
-20 

-16 

-29 

372 

194 

1        502 

-1 

501 

19.2 

3864 

+  137 

-20 

+  206 

187 

543 

1.(jÖ64400 

0 

+  1 

543 

19.3 

22.2 

22.4 

4078 

1.0064333 
317 

+  137 

+  135 
+  135 

-19 

-21 
-20 

+  197 

-43 
-23 

393 

1.0064404 
409 

1.0064521 

1.0064401 

22.3 
22.1 

338 
320 

+  135 

+  135 

-20 
-21 

—  7 
+  2 

448 
436 

1        429 

0 

429 

19.4 
19.2 

040 
103 

+  137 
+  137 

-20 
-19 

+  207 
+  219 

364 

440 

308 

+  1 

309 

17.6 

012 

+  137 

-18 

+  289 

420 

1       397 

0 

397 

17.8 

006 

+  137 

-21 

+  285 

407 

1.0064384 
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SCHWINGUNGSDAUER 


Datum. 

Beob. 

Lage. 

Koinc- 
intervall. 

Stangeutemp. 

Aus- 
schlag^ 
in  der 
Mitte. 

Luft- 
druck. 

o. 

u. 

{o)  +  3(u) 

4 

VI I- 18 

O 

Ill      F.O.T. 

15G  579 

27°.57 

27°.42 

27"'.46 

19'.3 

maa 
751.4 

„ 

0 

„      F.n.v. 

156.459 

27.30 

27.13 

27.17 

17.5 

751.7 

VU- 1 9 

N 

„      F.u.h. 

156.751 

26.98 

26.89 

26.91 

16.2 

752.9 

,, 

X 

„      F.o.h. 

156.654 

27.20 

27.08 

27.11 

19.3 

752.5 

VII-24 

0 

„      F.o.v. 

156.959 

25.83 

25.63 

25.68 

19.1 

744.3 

„ 

0 

„      F.u.v. 

156.876 

25.78 

25.56 

25.62 

17.8 

744.0 

" 

s 

„ 

156.8  i8 

25.76 

25.64 

25.67 

19.3 

743.7 

VII-19 

s 

iir  F.u.v. 

156.646 

27.32 

27.18 

27.22 

19.3 

752.1 

„ 

s 

„      F.o.v. 

157.125 

27.40 

27.26 

27.30 

18.6 

751.5 

„ 

o 

„      F.o.h. 

157.098 

27.48 

27.37 

27.40 

18.7 

752.1 

" 

0 

„      F.u.h. 

156.546 

27.50 

27.38 

27.41 

18.7 

752.4 

VII-20 

N 

IV'    F.o.v. 

156.706 

27.68 

27.49 

27.54 

18.6 

750.2 

„ 

X 

„      F.u.v. 

156.484 

27.67 

27.46 

27.51 

19.3 

749.9 

„ 

s 

,.      F.u.h. 

156.610 

27.62 

27.42 

27.47 

19.3 

749.9 

,, 

s 

„      F.o.h. 

156.740 

27.55 

27.40 

27.44 

18.6 

750.1 

Yiri-1 

X 

„      F.o.v. 

157.228 

24.83 

24.68 

24.72 

17.4 

751.6 

" 

X 

„      F.u.v. 

157.225 

24.77 

24.66 

24  69 

19.9 

751.4 

VII-21 

0 

IV     F.o.v. 

156.448 

27.34 

27.15 

27.20 

18.9 

748.4 

»> 

0 

„      F.u.v. 

156.721 

27.41 

27.21 

27.26 

19.5 

748.2 

„ 

X 

„      F.u.h. 

156.687 

27.46 

27.36 

27.39 

17.7 

747.7 

" 

X 

„      F.o.h. 

156.400 

27.58 

27.45 

27.48 

19.6 

746.5 

ABSOLUTE  MESSUNG  DER  SCHWERKRAFT. 
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SEKUNDENPENDEL.  (Kyoto). 


Schwing- 

ungsdaiier 

in 

Uhrzeit- 

sok. 


Reductioa 


auf 
Stern- 
zeit. 

für 

a 

+  135 

-20 

+  135 

-17 

+  135 

-15 

+  135 

-20 

+  143 

-20 

+  143 

-17 

+  143 

--0 

+  135 

-20 

+  135 

-19 

+  135 

-19 

+  135 

-19 

+  135 

-19 

+  135 

-20 

+  135 

-20 

+  135 

-19 

+  137 

-17 

+  137 

-21 

+  135 

-19 

+  135 

-21 

+  135 

-17 

+  135 

-21 

auf 


Korrection 
wegen. 
Druck- 
unter- 
scbied. 


in  Stern- 
zeit-sek. 


mm 
22.0 

21.8 

22.0 

22.4 

19.7 
19.9 
19.5 

22.6 
22.7 
23.0 
22.9 

22.8 
23.2 
23.1 
23.3 
19.1 
19.4 

23.6 
23.8 
23.9 
23.9 


1.006*276 
326 
205 
245 
119 
154 
165 

1.0064249 
051 
062 
290 

1.0064224 
315 
263 
210 
009 
010 

1.0064330 
218 
231 
350 


-43 

-16 

+  8 

-10 

+  123 

+  128 
+  124 

-20 
-28 
-37 
-38 

-50 
-47 
-44 

-41 

+  212 
+  215 

-19 
-24 
-36 

-45 


1.0064348 
428 
333 
350 
365 
408 
412 

1.0064344 
139 
141 
368 

1.0064290 
383 
334 
285 
341 
341 

1.0064427 
308 
313 
419 


1.0Ö642S9 


362 
332 


(Ä="-'^') 


1.0064493 


/(., 


533 


=  0.728 


.  hl  -  h., 

1.0064451 


370 
341 

f_?!^=0.733) 

\  hl  - 112  1 

1.0064514 

499 


0 
+  1 
-1 

-1 
0 


0 

+  2 


1.0064289 
363 
.331 


1.00S4328 

1.0064492 
533 


1.0064513 

1.0064451 

370 
341 


1.0064387 

1.0064514 
499 


1.0064507 
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SCHWIxr.  rXGSDAUER 


Datnui. 

Beob. 

Lage. 

Koinc- 
intervall. 

Stangentemp. 

Aus- 
schlag 
in  der 
Mitte. 

Luft- 
druck. 

o. 

u. 

■iM  +  fu) 

5 

VII-2G 

O 

I         F.O.T. 

s 
77..Î83 

2.5!l8 

25°34 

18J 

mm 
748.1 

„ 

0 

,,      F. u.V. 

77.9'JO 

25.25 

25.41 

J9.9 

747.8 

„ 

S 

„      F.u.h. 

78.022 

25.22 

25.38 

18.9 

747.7 

'• 

S 

„      F.o.h. 

77.618 

23.22 

25.38 

19.5 

747.9 

VII-27 

X 

I'     F.o.v. 

77.859 

24.84 

25.00 

19.7 

748.1 

„ 

\ 

„      F.u.v. 

78.040 

25.07 

24.97 

25.05 

19.0 

747.9 

„ 

0 

„      F.u.h. 

78.004 

25.15 

24.97 

25.11 

19.5 

747.5 

" 

0 

„      F.o.h. 

77.845 

25.27 

25.08 

25.23 

19.7 

747.0 

VII-27 

s 

Il'     F.o.v. 

78.326 

25.14 

24.92 

25.10 

19.1 

747.7 

„ 

s 

„      F.u.v. 

77.761 

25.32 

25.09 

25.27 

19.2 

747.5 

VII-2S 

X 

„      F.u.h. 

77.899 

24.23 

24.18 

24.22 

19.4 

748.9 

" 

N 

„      F.o.h. 

78.410 

24.38 

24.28 

24.36 

19.4 

748.9 

VII-28 

S 

II      F.o.v. 

78.073 

24.56 

24.41 

24,53 

19.1 

748.4 

,, 

s 

,,      F.u.v. 

77.838 

24.67 

24.52 

24.64 

19.5 

747.9 

0 

„      F.u.h. 

77.704 

25.05 

24.85 

25.01 

19.6 

748.5 

" 

o 

„      F.o.h. 

77.973 

25.05 

24.86 

25.01 

19.3 

748.2 

VII-29 

X 

III     F.o.v. 

78.020 

24.91 

24.77 

24.88 

19.7 

750.9 

„ 

N 

„      F.u.v. 

77.688 

24.95 

2i.77 

24.91 

20.0 

750.6 

„ 

0 

„      F.u.h. 

77.676 

25.00 

24.80 

24.96 

19.8 

750.0 

" 

0 

„      F.o.h. 

77.979 

25.18 

24.98 

25.14 

19.3 

749.6 

VII-29 

X 

iir  F.o.v. 

78.186 

25.37 

25.13 

25.32 

19.9 

749.8 

VII-31 

s 

,,           ,, 

78.226 

25  37 

25.18 

25.33 

18.3 

750.5 

VII-29 

s 

„      F.u.v. 

77.837 

25.32 

2.-,. 07 

25.27 

19.2 

750.4 

,, 

s 

„      F.u.h. 

77.837 

25.25 

25.02 

25.20 

19.2 

751.1 

" 

s 

„      F.o.h. 

78.299 

25.17 

24.95 

25.13 

18.9 

751.6 

ABSOLUTE  MESSUNG  DER  SCHWEEKRAFT. 
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HALBSEKUNDENPENDEL.     (Kyöto) 


mm 
19.3 

19.3 

19.3 

19.3 

19.5 
19.5 
19.7 

19.6 

18.6 
18.9 
17.7 
17.7 

18.0 
17.7 
18.2 
18.2 

18.2 
18.5 
18.8 
18.9 

]8.4 
20.2 
18.4 
18.5 
19.0 


Schwing- 

uugsdauer 

in 

Uhrzeit- 

sek. 


0.5032433 
263 

249 
418 

0.5032317 
242 
257 
323 

0.5032123 
358 

300 
089 

0.5032228 
326 
382 
269 

0.5032250 
389 
394 
267 

0.5032181 
1G4 
32G 
326 
134 


Reduction 


auf 
Stern- 
zeit. 

für 
a 

+  69 

-10 

+  69 

-11 

+  69 

-10 

+  69 

-10 

+  69 

-11 

+  69 

-10 

+  69 

-10 

+  69 

-11 

+  69 

-10 

+  69 

-10 

+  63 

-10 

+  63 

-10 

+  63 

-10 

+  63 

-10 

+  63 

-10 

+  63 

-10 

+  97 

-11 

+  97 

-11 

+  97 

-11 

+  97 

-10 

+  97 

-11 

+  Ô9 

-9 

+  97 

-10 

+  97 

-10 

+  97 

-10 

auf 
25° 


-16 
-19 
-17 

-17 


-5 
-11 

-5 

-12 
+  36 
+  29 

+  22 

+  17 

-0 

-0 

+  6 
+  4 
+  2 
-6 

-15 
-15 

-12 
-9 
-6 


0.5032476 
302 
291 
460 

0.5032375 
299 
311 
370 

0.5032177 
405 
389 
171 

0.5032303 
396 
435 
322 

0.5032342 
479 
482 
348 

0.5032252 
209 
401 
404 
215 


(Ä=^-''°) 


0.5032701 


678 


0.5Ö32202 


235 


f-^^  1.280") 
0.5Ô32697 


668 


l 
1    '■' 


.5032183 

177 


1 

[   0.5Ô32166 

l 


175 


0.5(32619 


646 


Korrection 
wegen 
Druck- 
utiter- 
schied. 


r 

in  Stern- 
zeit-sek. 


0.5032701 


0.5032690 

0.5032202 
235 


0.5032219 

0.5032697 
668 


0.5032683 

0.5032183 
177 


0.5032180 

0.5032166 
175 


0.5032171 

0.5032619 
646 


0.5032633 
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ART.  11.— H.  NAGAOKA.  S.  SHIXJÖ  u.  R.  ÖTAXI  : 


SCHWINGUNGSDAÜER 


Datum. 

Beob. 

Lage. 

Koinc- 
intervall. 

Stangenteu 

P- 

Aus- 
schlag 
in  der 
Mitte. 

Luft- 
druck. 

o. 

u. 

4(o)  +  (u) 

5 

VII-30 

X 

IV'    F.o.v. 

s 
77.837 

25?32 

25'l3 

25!28 

20^7 

mm 
751.0 

„ 

X 

„      F.u.v. 

78.074 

25.36 

25.17 

25.32 

18.5 

751.1 

jj 

0 

„      F.u.h. 

78.056 

25.37 

25.17 

25.33 

19.8 

750.9 

" 

0 

„      F.o.h. 

77.819 

25.37 

25.17 

25.33 

18.8 

751.9 

VII-30 

S 

IV    F.o.v. 

77.67'5 

25.43 

25.19 

25.33 

19.0 

751.4 

,1 

s 

„      F.u.v. 

78.132 

25.36 

25.19 

25.33 

19.5 

751.5 

VII-31 

0 

„      F.u.h. 

78.196 

24.92 

24.72 

24.88 

18.3 

751.8 

" 

0 

„      F.o.h. 

77.736 

25.06 

24.87 

25.02 

19.4 

751.8 

ABSOLUTE  MESSUNG  DER  SCHWERKRAFT. 


85 


HALBSEKUNDENPENDEL.     (KyölO. 


mm 
18.9 

l'J.O 

19.3 

19.3 

19.5 
19.3 
19.5 
19.6 


Schwing- 

uugsdauer 

in 

Uhrzeit- 

sek. 


0.5032326 
228 
235 
334 

0.5032393 
203 
177 
369 


Reductioa 


au  t' 
Stern- 
zeit. 


+  81 
+  84 
+  8i 
+  84 

+  81 
+  84 
+  69 
+  69 


für 


-11 

-9 

-11 

-10 

-10 
-10 
-9 
-10 


auf 


-13 
-15 
-15 
-15 

-17 

-15 

+  6 

-   1 


0.5032386 
283 
293 
393 

0.5032450 
262 
243 

427 


(Ä='-^'») 


0.5032 16:i 


/)., 


165 
1.238 


>  III  -  lu, 

0.5Ö32692 


664 


Korrection 
wegen 
Druck- 
unter- 
schied. 


r 

in    Stern- 

zeit-sek. 


0- ^'^32 162 
165 


05032164 

0.5032692 
664 

0.5032678 


30 


AKT.  H. -H.  NAG.\OKA,  S.  SHINJÖ  u-  R.  ÖTANI 


LÂNGENMESSUNG  SEKUNDENPENDEL.  (Kyö(o). 


Datum. 

Bed.. 

Luge. 

Beleuchtung  dunkel. 

Beleuchtung   hell. 

Temp. 

Micro- 
abl. 

Temp. 

Micro- 
abl. 

Pendel. 

Scala. 

rendel. 

Scala. 

VII-22 

S 

I       F.u.v. 

26.86 

26.90 

-112.9 

26.92 

26.94 

-109.4 

„ 

0 

„      F.o.v. 

27.03 

27  03 

-105.3 

27.00 

27.ni 

-106.3 

,. 

X 

„       F.oh. 

26.97 

27.02 

-112.6 

2G.93 

26.98 

-108.G 

„ 

0 

„      F.u.h. 

26.97 

27.00 

-106.9 

27.01 

27.01 

-110.4 

,. 

X 

„       F.u.h. 

26.93 

26.99 

-112.6 

26.94 

26.99 

-lll.l 

„ 

s 

,.      F.o.h. 

26.97 

27.02 

- 109.7 

26.97 

27.01 

-110.8 

*' 

s 

„       F.o.h. 

26.82 

26.88 

- 107.4 

26.87 

26.92 

- 1 1 5.0 

26.94     26.98     -109.6 

26.95     26.98    -110.3 

Länge  der  Scala 

1.0004491 

1.0004491 

Micro-Ablesung 

-1096 

-1103 

Eed.  auf  27° 

+      11 

-(-       9 

A  bei  27° 

1.0003406 

1.0003397 

Mittel 

1.0003402 

VII- Iß 

X 

I'      F.o.v. 

27.25 

27.28 

-109.2 

27.23 

27.29 

-109.5 

„ 

0 

„       F.u.v. 

27.27 

27.28 

-  99.1 

27.29 

27.31 

-   94.0 

„ 

s 

„       F.u.h. 

27.26 

27.29 

-   94.3 

27.28 

27.30 

-106.0 

„ 

X 

„       F.o.h. 

27.40 

27.42 

-   97.6 

27.40 

27.41 

-101.9 

\^I-24 

s 

„      F.o.v. 

25.65 

25.69 

-118.6 

25.71 

25.73 

-119.2 

„ 

X 

„      F.u.v. 

25.74 

25.79 

-116.4 

25.78 

25.83 

-114.6 

„ 

s 

„      F.u.h. 

25.89 

25.91 

-110.9 

25.87 

25.91 

-109.5 

>> 

X 

„       F.o.h. 

25.86 

25.90 

-110.7 

25.85 

25.89 

-110.3 

26.54     26.57    -107.1 

26.55     26.58     -108.1 

1.0004422 

1.0004423 

-1071 

-1081 

+     85 

+     83 

1.0003436 

1.0003425 

1.0003431 

ABSOLUTE  MESSUNG  DER  SCHWERKKAFT. 
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LÄNGENMESSUNG  SEKUNDENPENDEL.     (Kyoto). 


Datum. 

Beob. 

L\ge. 

Beleuchtung  dunkel. 

Beleuchtung  hell. 

Temp. 

Micro- 
abi. 

Temp. 

Micro- 
abi. 

Pendel. 

Scala. 

Pendel. 

Scala. 

VII- 16 

0 

II'     F.o.h. 

27.49 

27.50 

-  99.8 

27.51 

27.53 

-101.3 

j 

S 

„       F.u.h. 

27.54 

27.54 

-103.7 

27.51 

27.53 

-100.1 

,, 

N 

,.      F.u.v. 

27.59 

27.59 

-101.9 

27.57 

27.58 

-  99.6 

„ 

O 

„      F.u.h. 

27.58 

27.59 

- 102.4 

27.59 

27.60 

-  98.4 

" 

S 

„      F.o.v. 

27.73 

27.74 

-108.8 

27.65 

27.66 

-103.1 

27.59     27.59    -103.3 

27.57     27.58    - 100.5 

Län^e  der  Scala 

1.0004593 

1.0004592 

Micro-Ablesung 

-1033 

-1005 

Red.  auf  27* 

-    109 

-   106 

A  bei  27* 

1.0003451 

1.0003481 

Mittel 

l.œ03466 

VII- 18 

0 

II      F.u.v. 

26.97 

26.97 

-101.0 

26.98 

26.98 

-  97.7 

„ 

s 

„      F.u.h. 

27.15 

27.17 

-106.2 

27.08 

27.12 

-102.9 

,j 

X 

„      F.o.h. 

27.11 

27.15 

-101.2 

27.05 

27.11 

-111.2 

jj 

0 

„      F.o.v. 

27.16 

27.17 

-101.5 

27.12 

27.15 

-105.0 

" 

X 

,.      F.o.h. 

27.12 

27.18 

- 106.0 

27.16 

27.20 

- 106.6 

27.10     27.13    -103.2 

27.08     27.11    -104.7 

1.0004516 

1.0004513 

-1032 

-1047 

-      19 

-     15 

1.0003465 

1.0003458 

1.0003451 

VII-18 

s 

III     F.o.v. 

27.31 

27.31 

-109.2 

27.32 

27.32 

-110.7 

„ 

0 

„      F.u.v. 

27.41 

27.44 

- 104.5 

27.42 

27.46 

-106.2 

„ 

X 

„       F.u.h. 

27.45 

27.50 

-102.6 

27.41 

27.46 

-101.8 

" 

s 

,.      F.o.h. 

27.49 

27.50 

-102.1 

27.50 

27.48 

-  96.0 

27.42     27.44    -104.6 

27.41     27.43    - 103.7 

1.0004568 

1.0004ÛG7 

-1046 

-1037 

-     78 

-     76 

1 .0003444 

1.0003454 

1.0003449 
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ART.   11.— H.  NAGAOKA,  S.  SHINJO  u.  R.  ÖTANI 


LÄNGENMESSUNG  SEKUNDENPENDEL.     (Kyôlol 


Datum. 

Beob. 

Lage. 

Beleuchtung  dunkel. 

Beleuchtung   hell. 

Temp. 

Micro- 
abi. 

Temp. 

Micro- 
abi. 

Pendel 

ScalM. 

Pendel 

Scala. 

VII-20 

O 

Ill'    F.o.v. 

27.29 

27.29 

- 104.3 

27.27 

27.28 

- 103.0 

,, 

S 

„      F.u.v. 

27.33 

27.35 

- 102.8 

27.31 

27.34 

-109.1 

,, 

X 

„      F.u.h. 

27.35 

27.42 

- 102.9 

27  35 

27.43 

-106.3 

" 

0 

„      F.o.h. 

27.41 

27.50 

-103.5 

27.38 

27.46 

- 102.8 

27.35     27.39    -103.4 

27.33     27.38    - 105.3 

Länge  der  Scala 

1.0004560 

1 .000455S 

Micro-Ablesung 

-1034 

-1053 

Red.  auf  27° 

-     65 

-     61 

A  bei  27° 

1.0003461 

1.0003444 

Mittel 

1-0303453 

VII-21) 

S 

IV'     F.u.v. 

27.43 

27.47 

-   97.6 

27.44 

27.47 

-106.6 

,, 

N 

„      F.o.v. 

27.48 

27.53 

-107  2 

27.44 

27.52 

-107.0 

„ 

0 

,.      F.o.h. 

27.50 

27.54 

-105.1 

27.44 

27.49 

-107.0 

" 

S 

„      F.u.h. 

27.53 

27.56 

-102.5 

27.51 

27.55 

-106.7 

27.49     27.53     -103.1 

27.46     27.51     -106.8 

1 .0004584 

1.0004580 

- 1031 

-1068 

-      91 

-     85 

1.0003462 

1.0003445 

1.0003427 

VII-22 

N 

IV     F.o.v. 

26.78 

26.80 

-101.3 

26.74 

26.78 

-104.4 

,, 

S 

„      F.u.v. 

26.83 

26.87 

-105.6 

26.85 

26.89 

-108.5 

„ 

y 

„      F.u.h. 

26.90 

26.95 

-   93.9 

26.92 

26.97 

-115.7 

,, 

s 

„      F.u  h. 

26.95 

27.00 

-105.1 

26.95 

27.00 

-106.4 

" 

N 

„      F.o.h. 

27.01 

27.04 

-101.3 

26.02 

27.06 

-105.0 

26.89     26.93     -101.4 

26.90     26.94    -108.0 

1.0004482 

1 .0004484 

-1014 

-1080 

+      20 

+     19 

1 .000:5488 

1.0003456 

1.0003423 

ABSOLUTE  MESSUNG  DER  SCHWERKRAFT. 
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LÄNGENMESSUNG  HALBSEKUNDENPENDEL.     (Kyölo). 


Datum. 

Beob. 

Lao;e. 

Beleuchtung-  dunkel. 

Beleuchtung   hell. 

Teiiip. 

Micro- 
abi. 

Temp. 

Micro- 
abi. 

Pendel. 

Scala. 

Pendel. 

Scala. 

VII-26 

N 

I       F.u.v. 

25.27 

25.27 

-81.5 

25.27 

25.27 

-79.8 

„ 

S 

„       F.o.v. 

25.35 

25.32 

-83.1 

25.36 

25.35 

-89.5 

„ 

N 

„       F.o.h. 

25.28 

25.28 

-78.2 

25.28 

25.29 

-86.4 

" 

S 

„       F.u.h. 

25.33 

25.31 

-79.8 

25.37 

25.36 

-86.3 

25.31     25  30      -80.7 

25.32     25.32      -85.5 

Länge  der  Scala 

0.2501032 

0.2501032 

Micro-Ablesung 

-807 

-855 

Red.  auf  25° 

-    10 

-    15 

A  bei  25° 

0.2500211 

0.2500162 

Mittel 

0.2500187 

VII-27 

S 

I'      F.o.v. 

25.63 

25.60 

-93.8 

25.67 

25.69 

-88.4 

,, 

N 

F.u.v. 

25.67 

25.67 

-88.4 

25.67 

25.67 

-88.0 

,, 

S 

„       F.u.h. 

25.67 

25.71 

-92.0 

25.74 

25.75 

-89.4 

" 

N 

„      F.o.h. 

25.69 

25.68 

-90.1 

25.74 

25.73 

-83.5 

25.67     25.67      -91.1 

25.71     25.71      -87.3 

0.2501123 

0.2501125 

-911 

-873 

-   31 

-   33 

0.2500181 

0.2500200 

0.2500219 

VII-27 

S 

II'     F.o.v. 

25.95 

25.97 

-87.7 

25.92 

25.96 

-85.8 

„ 

0 

F.u.v. 

25.88 

25.92 

-87.9 

25.90 

25.97 

-88.8 

,, 

s 

.,      F.u.h. 

25.80 

25.83 

-84.6 

25.83 

25.88 

-88.5 

" 

0 

„       F.o.h. 

25.82 

25.87 

-86.8 

25.81 

25.87 

-88.7 

25.86     25.90      -86.8 

25.87     25.92      -88.0 

0.2501133 

0.2501134 

-868 

-880 

-   40 

-  40 

0.2500225 

0.2500214 

0.2500220 

1 

4  0 


ART.  11.— H.  X.VGAOKA,  S.  SHIXJO  u.  R.  ÖTANI: 


LÄNGENMESSUNG  HALBSEKUXDENPENDEL.     (Kyoto 


ntnV 


Datum. 

Beob. 

Lag.'. 

Beleuchtunu:  «limkel. 

BeleHcntun<<   hell. 

Temp. 

Micro- 
abl. 

Temp. 

Micro- 
abl. 

Peudel. 

Scala. 

Pendel. 

Scala. 

VI 1-29 

N 

II      F.o.v. 

24.33 

24.38 

-93.2 

24  38 

24.43 

-88.7 

0 

.,       F. u.V. 

24..46 

24.51 

-92.2 

24.53 

24.61 

-94.2 

X 

„       F.u.b. 

24.54 

24.60 

-90.3 

24.59 

24.64 

-91.8 

" 

0 

„       F.o.h. 

24.65 

24.72 

-88.8 

24.70 

24.81 

-89.4 

24.50     24.55      -91.1 

24.55     24.62      -91.0 

Länj^e  elf  r  Scala 

0.2501076 

0.2501079 

Micro-Ablesun  g 

-911 

-910 

Red.  auf  25° 

+   23 

+   21 

A  bêi  25° 

0.2500188 

(».2500190 

Mittel 

0.2500189 

VII-29 

s 

III     F.o.v. 

24.77 

24.86 

-92.9 

24.80 

24  89 

-95.2 

„ 

0 

F.u.v. 

24.88 

24.97 

-90.9 

24.92 

25.01 

-89.5 

„ 

s 

„       F.u.h. 

24.87 

24.92 

-86.3 

24.95 

25.02 

-89.3 

•• 

0 

„       F.o.h. 

24.95 

25.02 

-87.9 

25.01 

25.11 

-87.1 

24.87     24.94      -89.5 

24.92     25.01       -90.3 

0.2501092 

0.2501095 

-895 

-903 

4-     6 

+     4 

0.2500203 

0.2500200 

0.^500196 

VII-30 

X 

Iir    F.o.v. 

24.98 

25.05 

-95.6 

25.00 

25.10 

-91.2 

„ 

0 

.,      F.u.v. 

25.06 

25.13 

-90.1 

25.11 

25.21 

-91.9 

X 

„       F.u.h. 

25.06 

25.15 

-88.0 

25.10 

25.18 

-93.2 

•• 

o 

„       F.o.h. 

25.14 

25.20 

-90.5 

25.17 

25.23 

-89.4 

2506     25.13       -91.0 

25.10     25.18      -91.4 

0.2501100 

0.2501103 

-910 

-914 

-      3 

-     5 

0.2500187 

0.2500184 

0.250018S 

1 
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LÄNGENMESSUNG  HALBSEKÜNDENPENDEL.     (Kyöto), 


Datum. 


YII-30 


YII-31 


Beob. 


Lage. 


IV  F.o.v. 

„  F.u.v. 

„  F.ii.h. 

„  F.o.h. 


Länge  der  Scala 
Micro-Ablesungr 
Red.  auf  25° 
A  bei  25=' 
Mittel 


IV 


F.o.v. 
F.u.v. 
F.u.h. 
F.o.h. 
F.o.h. 
F.u.h. 
F.u.v, 
F.o.v. 


Beleuchtung  dunkel. 


Temp. 

Pendel. 

Scala. 

25.26 

25.29 

25.31 

25.40 

25.31 

25.40 

25.37 

25.45 

Micro- 
abi. 


-90.7 
-90.6 
-88.0 
-90.1 


25.31     25.39 

0.250U11 
-899 
-    14 

0.2500198 


89.9 


25.41 

25.47 

25.40 

25.48 

25.47 

25.54 

25.51 

25.56 

25.34 

25.42 

25.47 

25.56 

25.56 

25.64 

25.68 

22.74 

-98.7 
-99.3 
-94.6 
-92.6 
-92.3 
-97.1 
-94.4 
-94.5 


25.48     25.55      - 

0.2501118 
-942 
-    22 

0.2500154 


-94.2 


0.2500192 


0.2500179 


Beleuchtung;  hell. 


Temp. 

Pendel. 

Scala. 

25.34 

25.40 

25.36 

25.47 

25.38 

25.48 

25.41 

25.51 

Micro- 
abi. 


-91.4 
-91.9 
-90.4 
-91.5 


25.37  25.47   -91.3 
0.2501115 
-913 
-  17 

0.2500185 


91.7 
-95.3 
-85.3 
-85.5 

-82,8 
-87.6 
-91.6 
-94.8 


25.41 

2550 

25.46 

25.57 

25.48 

25.55 

25.56 

25.C7 

25.39 

25.47 

25.55 

25.68 

25.58 

25.07 

25.67 

25.74 

25.51  25.61   -89.3 
0.2501121 

-893 

-  24 
0.2500204 


4-2 


ART.  11.— H.  NAGAOKA,  S.  SHINJÖ  n.  R.  ÖTANI  : 


Schneiden 
Combina- 
tion. 

Teuip. 
red.  auf. 

(St^rnzeit). 

A 

Mitt«]. 

L' 

Corrn.  für 

A 

elast. 
Bie^'un^r. 

I 

27°00 

1.0064505 

ni 
1.0003402 

y  1.0064512 
)  1.0037032 

11' 

iir 

IV 

" 

521 
513 
507 

4»)'! 
403 
456 

111 

1 .0003444 

111 
0.9929764 

Ill 
-  0.0003290 

I' 

27.00 

1.006-1.343 

1.0003431 

II 

III 
IV 

,, 

384 
328 
387 

458 
149 
445 

I  l.(K6i361 
1  .<  036882 

1 .0003446 

0.9930064 

-0.0003290 

I 

25.00 

0.5032G90 

0.2501»  187 

11' 
III' 

IV 

" 

683 
G33 

G78 

220 
186 
179 

I  0.5032671 
0.5018930 

0.2500193 

0.9925477 

-0.0000020 

I' 

25.00 

0..5032219 

0.250U2()0 

\ 

11 
III 

IV' 

" 

180 
171 
164 

180 

200 
192 

l  0.5032184 
0.5018444 

0.2500195 

0.9927405 

-0.0(HX)020 

Gleichungen 
für  die 
Länge  des 
einfachen 
Sekunden- 
pendels. 


L  =  992.6500  {l-^'J^+:^) 


Ar 


L= 992.6800  (l  + 
L  =  992.5562  (l  + 
L =992.7490  (n- 


luOO 
ß  +  0 
1000 
ß-¥d 
250 
ß  +  o 
:i5u 


4U6.i 
4UÜ.5 

Ar 

7u 


<iy   \ 

70     / 


JX  =  0.0061 4 
JX  =  0.00680 


l  0.006 


00647 


^  +  ,1=0.00416 


L=992.G5a">  + 0.0041  +0.0158=992.6699  -0.8 

L  =992.6800  -l-  0.0041  -  O.Ol  58  =992.6683  +  0.8 

L  =992.5562  +  0.0165  +  0.0918  =  992.6645  +  4.6 

L  =  992. 7490  +  0.0165-0.0918=992.6737  -4.6 


992.6691 
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Corrn.  für 

Mitsch- 

L, 

wiügimg. 

m 
+  0.0000026 

0.992G500 

+  0.0000026 

0.9926R00 

+  Ö.0000105 

0.99255C2 

+  0.0000105 

0.9927  i90 

Schlussresultat. 

L    =992.669     mm. 
g     =979.725     cm/sec-' 
g',  =979.737 
g,  =979.737 
;Ko   =979.748 


corrrigirt  für  die  Höhe  und  Anziehung  des  Terrains. 
„  „    Condensation. 
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KANAZAWA. 

An  der  nordöstlichen  Ecke  des  Hauptgebäudes  des  Daishi-kötö- 
ijakko  in  Kanazawa,  befindet  sich  ein  kleiner  dickmanrisrer  feuerfester 
Speicher  ;  der  Pfeiler  wurde  in  der  Mitte  dieses  Raumes  aufgebaut 
nach  dem  Plane  in  Tafel  II.  Die  Temperatur  des  Beobachtungsraumes 
war  ziemlich  constant  und  frei  von  Luftzug  oder  ähnUchen  Störungen. 

Die  Station  lieçft  auf  einer  schiefen  Ebene,  die  allmählich  zur 
Hakusan-Kette  ansteigt,  welche  -iOhn.  südlich  vom  Japanischen  Meere 
emporragt.  Nicht  weit  vom  Beobachtungsort  findet  sich  ein  altes 
Schloss,  welches  durch  eine  starke  Steinmauer  umgeschlossen  ist,  und 
in  1  hn.  Entfernung  fliessen  südlich  der  Saigawa  und  nordlich  der 
Asanogawa  ;  sonst  kann  mnn  die  Nachbarschaft  des  Beobachtungsortes 
als  ein  Terrain  betrachten.     Der  ]3oden  besteht  aus  Quaternärerde. 

Die  Messuno^sresultate  sind  in  den  fol^fenden  Tabellen  enthalten. 
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ART.  ll.-H.  XAGAOKA.  S.  SHIXJÖ  u.  R.  ÖTANI 


Station 


(Breite  :  36' 32',8  i^ 

Länge  :  9**  6"  39^5  östlich  von  Greenwich. 
.Höhe:  26"*-;  6»= 2,0. 
Daishi-kütü-gakko  in  Kanazawa, 

Datum  :  8  bis  21  ten  August,  1899. 

Beobachter  :  H.  Nagaoka,  R.  Ötani  und  S.  Shinjö. 

Instrumente. 

(Negus  1891  für  Koincidenzbeobachtung. 
Chronometer  :] 

i     ,,       1622    ,,    astronomische  Beobachtung. 

Durchgangsinstrument  :     ïroughton  und  Simms. 

Gerhardt.      Gerhardt.      Démichel.     Démichel. 
Thermometer  : 

4242  4243  3898  3893 

Corrn.  bei  28°        -0,07  -0,07  -0,23  -0,03 


Déimchel. 

2586 

-0,23 


der    meteorologischen    Station     in 


Barometer:  Aneroid;  Corrn.  = -4,2 W7;i.  (verglichen  mit  dem  Normalbarometer 

der    meteo] 

Kanazawa.) 
Hygrometer  :     Psychrometer. 
Seismometer  :     Horizontalpendel. 


Öchneideiicombination 


Km 


Km 


F 

im 


*Ctl 

F' 

im 


^{l\.> 


M' 


Kin 


••[S  'S  •[£]  i^" 

Biegungscorrection  :  Correction  für  Sekundenpendel—  329/^  in  L 

„  „     iS.  pendel  —      %n  „    ,, 

Mitschwingungscorrection  :  „  ,,     Sekundenpendel  +   4,0//  ,,    ,, 

,.  „     |S.  pendel  +16,0//  „    „ 

Micrometer  :  Oben  :  100^=99^,42  bei  28" 

Unten:  100^=99,93    „      „ 
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Lage  der  Thermometer 

o. 


6 


•^ 


□ 


Täglicher  Gang  des  Chronometers  1891. 


Datum 

(s.Z.) 

JT. 

Differenz. 

Täglicher 
Gang. 

h 

m        s 

1899-August     8 

17,2 

+  50    15,01 

1^34 

1^86 

9 

16,8 

16,35 

1,02 

1,02 

10 

16,7 

17,37 

1,14 

1,07 

11 

18,2 

18.51 

1,24 

1,23 

12 

18,8 

19,75 

11,71 

1,47 

20 

17,3 

31,46 

1,58 

1,42 

21 

20,2 

88,04 
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ART.  11.— H.  NAGAOKA,  S.  SH1NJÖ  u.  R.  ÖTANI: 


SCHWINGUNGSDAUEPi 


Datum. 

Beob. 

Lage. 

Koinc- 
interval. 

Temperatur. 

Aus- 
scblag 
in  der 
Mitte. 

0. 

11. 

Luft- 
druck. 

VIII-9 

0 

I      F.o.v. 

158.251 

[28?61]* 

28^27 

23!8 

mm 
756.1 

„ 

„ 

„      F.u.v. 

158.282 

[28.69] 

28.46 

24.0 

756.2 

„ 

„ 

„      F.o.v. 

157.965 

[28.99] 

28.65 

25.0 

755.7 

„ 

„ 

„      F.n.v. 

158.161 

[29.14] 

28.82 

24.2 

756.5 

„ 

y 

„      F.u.h. 

158.165 

[29.28] 

28.97 

26.2 

755.3 

'• 

" 

„      F.o.b. 

157.948 

[29.37] 

29.06 

24.9 

755.1 

VIII-10 

s 

I'     F.o.v. 

158.327 

[28.86] 

28.59 

22.8 

754.0 

„ 

„ 

„      F.u.v. 

158.341 

[28.87] 

28.62 

25.3 

753.5 

„ 

N 

„      F.u.b. 

158.270 

[28.95] 

28.64 

25.2 

753.3 

" 

" 

„      F.o.b. 

158.277 

[29.18] 

28.G8 

25.3 

752.G 

VIII-10 

0 

II      F.o.v. 

158.048 

[30.08] 

29.54 

22.9 

75.34 

,, 

,, 

„      F.xi.v. 

157.976 

[30.01] 

29.41 

22.8 

753.6 

,.  -11 

X 

„      F.o.b. 

158.144 

[29.03] 

28.68 

24.9 

752.0 

,, 

,, 

„      F.u.b. 

157.999 

[29.00] 

28.67 

26.4 

752.1 

„   -1-' 

„ 

„      F.o.b. 

158.261 

[29.36] 

29.25 

24.8 

754.2 

" 

" 

„      F.ii.b. 

158.076 

[29.34] 

29.24 

26.0 

753.8 

YIII-11 

s 

II'    F.u.b. 

158.031 

[29.48] 

29.35 

25.0 

752.2 

,,     -12 

0 

„      F.o.b. 

158.646 

[29.08] 

28.93 

25.7 

753.5 

,, 

„ 

„      F.o.v. 

158.578 

[29.09] 

28.97 

24.2 

754.8 

" 

s 

„      F.u.v. 

158.1C6 

[29.14] 

29.08 

25.0 

754.5 

*     Der  QuecksilVjerfaden  dieses  Tbermometers  wurde  nacbher  gebrocben  gefunden  und 
nicht  gebraucht  für  Temperaturcorrection. 
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SEKUNDENPENDEL.    (Kanazawa.) 


mm 
24.3 

23.5 

24.5 

24.7 

24.6 

24.7 

23.4 
23.4 
23.5 
23.5 

25.4 
25.2 
23.0 
23.0 
21.7 
21.7 

22.8 
22.1 
22.8 
22.3 


Schwing- 
ungsdauer 
in 
Uhrzeit- 
sek. 


1.Ü0C3592 
579 
709 
629 
627 
716 

1.0063561 
556 
584 
581 

1.0063675 
705 
635 
695 
588 
664 

1.0063682 
433 
461 
651 


Reduction 


auf 

ötern- 

zeit. 


+  158 
+  158 
+  129 
+  129 
+  129 
+  129 

+  119 
+  119 
+  119 
+  119 

+  122 
+  122 
+  125 
+  125 
+  113 
+  143 

+  134 
+  143 
+  143 
+  143 


für 


30 
-31 
-33 

31 
■36 
-33 


34 
-34 
-34 


-28 
-33 
-37 
33 
-36 

33 
-35 

31 
-33 


auf 
29' 


+  68 
+  50 
+  33 
+  17 
+  3 
-  6 

+  38 
+  35 
+  33 
+  30 

-50 
-38 
+  30 
+  31 
-23 


-33 

+  7 
+  3 


1.0063788 
756 
838 
744 
723 
806 

1.0063690 
676 
702 
696 

1.0063719 
761 
757 
814 
675 
749 

1.0068750 
518 
576 
754 


h» 


=  0.733 
1.0063811 


907 
867 


/)., 


1.0063666 


706 
1.0063688 


715 
621 

1.0063897 
884 


KorrectioD 
wegen 
Druck- 
unter- 
schied, 


0 

+  1 

0 

+  1 
-1 

0 
0 

-1 


in  Stern- 
zeit-sek. 


1.0063811 
908 

867 


1-0063862 

1.0063667 

705 


1.0063686 

1.0063688 
715 
620 


1.0063674 

1.0063899 
884 


1.0063892 
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ART.  11.— H.  XAGAOKA.  S.  SHIXJÖ  n.  R.  OTAN!: 


SCHWINGUNGSDAUER 


Datum 

Beob. 

Liicrc. 

Koinc- 
interval. 

Stangen  temp. 

Aus- 
schlag 
in  der 

Mitte. 

o. 

u. 

Luft- 
druck. 

Vin-12 

S 

iir  F.o.T. 

158.594 

[SO^OO] 

29.98 

23^7 

mm 
756.6 

,, 

,. 

„      F.u.v. 

158.178 

[29.91] 

29.84 

25.0 

757.4 

„    -15 

o 

.,      F.o.v. 

158.837 

[28.28] 

28.28 

23.2 

755.6 

,, 

,. 

„      F.u.v. 

158  293 

[28.16] 

28.22 

25.3 

755.8 

.,     -13 

X 

„      F.u.h. 

158.260 

[29.36] 

29.26 

24.9 

758.3 

,, 

,. 

„      F.o.h. 

158.ÔG1 

[29.27] 

29.23 

23.7 

757.G 

„ 

0 

,,          ,, 

158.605 

[29.39] 

29.26 

24.4 

759.2 

„     -15 

s 

„      F.u.h. 

158.357 

[28.09] 

28.04 

24.7 

755.0 

'• 

" 

,.      F.o.h. 

158.894 

[28.11] 

28.10 

22.8 

753.7 

VIII-13 

o 

III    F.o.v. 

157.974 

[29.50] 

29.39 

25.6 

760.8 

,, 

s 

„      F.u.v. 

157  882 

[29.32] 

29.29 

23.7 

761.1 

„ 

X 

„      F.u.h. 

157.817 

[29.32] 

29.23 

25.0 

759.9 

•' 

" 

„      F.o.h. 

158.035 

[29.33] 

29.29 

24.8 

760.0 

VIIT-14 

s 

IV    F.o.v. 

158.204 

[28.33] 

28.27 

25.0 

759.2 

„ 

„ 

„      F.u.v. 

158.486 

[28.23] 

2S.21 

24. G 

759.7 

„ 

0 

„      F.u.h. 

158.477 

[28.31] 

28.23 

23.9 

760.6 

" 

•• 

„      F.o.h. 

1.58.058 

[28.39] 

28.34 

24.4 

760.7 

VITr-19 

X 

IV'    F.o.v. 

158.315 

[28.55] 

28.53 

23.7 

759.5 

„ 

s 

„      F.u.v. 

158.250 

[28.51] 

28.51 

25.6 

759.3 

„ 

X 

„     F.u.h. 

158.379 

[28.65] 

23.63 

25.3 

757.7 

" 

s 

„      F.o.h. 

158.471 

[28.67] 

28.65 

23.2 

757.9 

ABSOLUTE  MESSUNG  DER  SCHWERKRAFT. 


HALBSEKUNDENPENDEL.    (Kanazawa. 


Schwinir- 
uui^sdauer 

K 

eductioti 

la 
Uhrzeit- 

sek. 

auf 

Steru- 

zeit. 

für 

a 

auf 
29° 

1.00634Ï4 

+  171 

-30 

-91 

622 

+  I7l 

-33 

-78 

356 

+  171 

-29 

+  67 

575 

+  171 

34 

+  73 

588 

+  171 

-33 

-24 

468 

+  171 

-.30 

-21 

450 

+  171 

-32 

-24 

549 

+  171 

-32 

+  89 

332 

+  171 

-28 

+  84 

1.00(13705 

+  171 

-35 

-36 

743 

+  171 

-30 

-27 

769 

+  171 

-35 

-21 

680 

+  171 

-33 

-27 

1.0063611 

+  171 

-33 

+  68 

493 

+  171 

-32 

+  74 

501 

+  171 

-30 

+  72 

671 

+  171 

-32 

+  61 

1.0063566 

+  171 

-30 

+  44 

592 

+  171 

-35 

+  46 

540 

+  171 

-34 

+  34 

50 1 

+  171 

-29 

+  33 

Korrection 
wegen 
Druck- 
unter- 
schied. 


r 

in  Stern- 
zeit-sek. 


mm 
24.5 

24.5 

22.2 

22.0 
21.0 

23  8 
24.3 
22  2 
22.6 

24  8 
21.6 
24.1 
24.1 

22  0 
22.2 
22.5 
23.1 

23.4 
23.3 
23.5 
23.9 


1.0063504 
682 
565 

785 
702 
588 
565 
777 
559 

1.0063805 
857 
884 
791 

1.0063817 
711 
714 
871 

751 

774 
711 
679 


-^  =0.728) 
1.0063812 

945 

793 


936 

-/, 
1.0063767 


:ä--"') 


723 


[        1.0Ô63895 


986 
1.0063791 


(Ar»-"«) 


+  ] 
0 


734 


1.0063811 
945 

793 

934 


1.0363871 

1.0063767 
723 


1.0063745 

1.0063896 
986 


1.0063941 

1.0063791 
734 

1.0083763 
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ART.  ll.-H.  NAGAOKA,  S.  SHINJÖ  n.  R.  ÖJANI: 


SCIIWINGUNGSDAUER 


Datum. 


VIII- 15 

„  -20 
,.  -lÖ 
„     -20 

VIII-16 

,.  -20 
„  -16 
„     -20 


Beob. 


^^111-16 

S 

,,    -21 

» 

„    -17 

X 

.,    -21 

s 

" 

0 

riII-17 

N 

„     -21 

0 

„ 

N 

„    -17 

0 

,,     -21 

X 

„ 

s 

Laiie. 


II 


II' 


F.o.v. 
F.u.v. 
F.o.v. 
F.u.v. 
F.u.h. 
F.o.h. 
F.u.h. 
F.o.h. 

F.o.v. 
F.u.v. 
F.o.v. 
F.u.v. 
F.u.h. 
F.o.h. 
F.u.h. 
F.o.h. 

F.o.v. 
F.u.v. 
F.o.v. 
F.u.v. 
F.u.h. 
F.o.h. 
F.u.h. 
F.o.h. 

F.o.v. 
F.u.v. 
F.o.v. 
F.u.v. 
F.u.h. 
F.o.h. 
F.u.h. 
F.o.h. 


Koinc- 
interval. 


78.609 
78.834 
70.016 
79.184 
79.018 
78.753 
79.174 
78.905 

78.474 
79.000 
78.645 
79.122 
79.008 
78.422 
79.127 
78.602 

78.653 
78.499 

78.822 
78.627 
78.429 
78.655 
78.703 
79.004 

79.058 
78.577 
79.354 
78.717 
78.503 
79.139 
78.698 
79.268 
79.260 


Stangentemp. 


28.26 
28.15 
24.94 
25.12 
27.39 
27.36 
25.33 
25.48 

27.48 
27.43 
25.97 
26.12 
27.49 
27.53 
26.25 
20.43 

28.17 
28.09 
26.18 
20.18 
27.63 
27.67 
26.10 
20.15 

27.70 
27.55 
26.28 
26.39 
27.55 
27.45 
26.41 
26.71 
26.51 


[28.07] 
[27.89] 


[27.29] 
[27.20] 
[25.16] 

[25.32] 

[27.42] 
[27.38] 
[25.65] 
[25.88] 
[27.38] 
[27.41] 
[26.02] 
[26.16] 

[28.04] 
[27.89] 
[26.00] 
[25.93] 

[27.46] 
[27.52] 
[25.82] 


[27.49] 
[27.33] 
[26.05] 
[26.25] 
[27.39] 
[27.28] 
[26.28] 
[26.48] 
[26.34] 


Aus- 

schlasr 
in  tier 
Mitte. 


24.2 
25.4 
24.6 
24.6 
24.5 
25.6 
26.6 
23.8 


Luft- 
druck. 


mm 
755.8 

755.4 

760.2 

759.2 

751.6 

751.9 

758.3 

758.3 


25.4 

751.9 

26.0 

752.2 

25.0 

758.3 

25.2 

758.3 

26.3 

752.1 

25.7 

752.2 

24.8 

758.5 

25.3 

759.2 

2Ô.4 

749.5 

25.0 

749.7 

26.0 

758.5 

25.9 

758.7 

25.6 

751.1 

25.8 

751.5 

26.1 

758.4 

24.4 

758.9 

25.2 

753.8 

25.4 

752.0 

23.5 

758.9 

25.5 

758.4 

25.6 

753.4 

24.9 

754.0 

25.0 

758.0 

24.4 

757.0 

25.4 

757.7 
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HALBSEKUNDENPENDEL.    (Kanazawa.) 


S 

Q 

Schwiu^- 

ungsdauer 

in 

Uhrzeit- 

sek. 

Reduction 

T 

r' 

Korrection 
wegen 
Druck- 
unter- 
schied. 

r 
in  Starn- 
zeit-sek. 

■'h\i 
Stern- 
zeit. 

für 

a 

auf 

28° 

mm 
22.3 

22.3 

0.5032007 
1915 

+  86 
+  86 

-16 
-17 

-  12 

-  7 

0.5632065 
1977 

[   0.5Ô31864 

0 

0.5031864 

20.2 
20.7 

1841 
1773 

+  83 
+  83 

-16 
-16 

+  141 
+  132 

2049 
1972 

5       1873 

0 

1873 

22.0 
21.7 

1840 
1948 

+  86 

+  86 

-16 
-17 

+  28 
+  29 

1938 

2046 

\                1800 

0 

1800 

21.6 
21.9 

22.1 
22.2 

1777 
1862 

0.50320G2 
1847 

+  83 
+  83 

+  86 
+  80 

-19 
-15 

-17 
-18 

+  123 
+  116 

+  24 
+  26 

1964 
2046 

0.5032155 
1941 

}       1859 
[   0.5Ô32431 

0 

1859 

0 

0.5031849 

0.5032431 

22.6 
22.6 

1992 
1797 

+  83 

+  83 

-17 
-17 

+  94 
+  87 

2152 
1950 

;       2412 

0 

2412 

22.3 

1844 

+  86 

-18 

+  23 

1935 

[       2484 

0 

2484 

22.5 

2084 

+  86 

-17 

+  22 

2175 

22.8 
22.9 

23.0 
22.6 

1795 
2010 

0.5031989 
2052 

+  83 

+  83 

+  86 
+  86 

-16 

-17 

-17 
-17 

+  81 

+  72 

-  8 

-  4 

1943 
2U8 

0.5032050 
2117 

l                 2412 
[   0.5Ô31963 

0 
0 

2412 

0.5032435 

0.5031963 

21.7 

1920 

+  83 

-IS 

+  84 

2069 

\                1964 

0 

1964 

21.5 

20Û1 

+  83 

-18 

+  84 

2150 

21.2 

21.7 

2082 
1988 

+  86 
+  86 

-17 
-18 

+  17 
+  15 

2168 
2071 

[       1946 

0 

1946 

21.2 
21.1 

22.0 
22.1 

1969 
1846 

0.5031824 
2Ù20 

+  83 
+  83 

+  86 

+  86 

-18 
-16 

-17 
-17 

+  88 
+  85 

+  14 
+  21 

2122 
1998 

0.5031907 
2110 

1       1838 
V       0.5Ô32370 

0 
0 

1838 

0.5031928 

0.5032370 

21.2 

21.6 

1704 
1963 

+  83 
+  83 

-15 
-17 

+  79 

+  74 

1851 
2103 

l                2426 

0 

2426 

22.0 
21.9 

2050 
1791 

+  86 
+  86 

-17 
-16 

+  21 
+  25 

2140 
1886 

1       246G 

0 

2466 

21.7 

1971 

+  83 

-17 

+  73 

2110 

2115 

22.4 
21.8 

1739 
1742 

+  83 
+  83 

-16 

-17 

+  60 
+  69 

1866 

1877 

0 

2415 

0.^32419 
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ART.  11.— H.  -NAGAOKA.  S.  SHIXJÖ  u.  K.  Ôl'ANI: 


SCHWINGUNGSDAÜER 


Datum. 

Beob. 

I 

.age. 

Koinc- 
interval. 

Stangentemp. 

Aus- 
schlag 
in  der 
Mitte. 

o. 

u. 

Luft- 
druck. 

VIII-17 

0 

iir 

F.o.v. 

79.063 

27^57 

[27.43] 

2iA 

mm 
755.0 

„ 

„ 

,, 

F. u.V. 

78.504 

27.47 

[27.27] 

24.4 

755.1 

„ 

,, 

„ 

F.u.h. 

78.493 

27.33 

[27.21] 

24.5 

755.6 

" 

" 

" 

F.o.h. 

79.065 

27.22 

[27.09] 

24.5 

755.8 

VIII-18 

0 

III 

F.o.v. 

78.822 

26.06 

[25.92] 

24.5 

758.1 

„ 

„ 

„ 

F. u.V. 

78.605 

25.89 

[25.77] 

24.4 

758.1 

„ 

S 

,, 

F.u.h. 

78.495 

25.65 

[25.52] 

26.0 

756.6 

" 

" 

" 

F.o.h. 

78.847 

25.59 

[25.51] 

24.2 

755.8 

VIII-18 

s 

IV 

F.o.v. 
F.u.v. 
F.u.h. 

78.500 
78.988 
78.987 

25.88 
25.71 
25.41 

24.8 
25.0 
25.3 

753.1 

753.9 

[25.28] 

756.0 

'• 

'• 

» 

F.o.h. 

78.568 

25.37 

[25.20] 

25.2 

758.6 

VIII-19 

s 

IV' 

F.o.v. 

78.968 

24.76 

[24.53] 

24.5 

760.3 

,, 

,, 

„ 

F.u.v. 

79.136 

24.69 

[24.46] 

25.5 

760.7 

,, 

„ 

„ 

F.u.h. 

79.146 

24.65 

[24.47] 

25.4 

761.4 

" 

" 

» 

F.o.h. 

78.925 

24.6* 

[24.50] 

25.3 

761.6 

ABSOLUTE  MESSUNG  DER  SCHWERKRAFT. 
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HALBSEKUNDENPENDEL.    (Kanazawa.! 


mm 
21.7 

22.0 

21.9 

21.6 

20.0 
20.0 
19.8 
20.2 

20.2 
20.2 
20.3 
20.5 

19.6 
19.4 
19.4 
19.5 


Schwing- 
ungsdauer 
in 
Uhrzeit- 
sek. 


0.5031822 
2050 
2055 
1821 

0.5031919 
2009 
2054 
1910 

0.5032052 
1852 
1853 

202  t 

0.5031860 
1792 

1788 
1878 


Reduction 


auf 

Stern- 
zeit. 


+  86 
+  86 
+  86 
+  86 

+  86 
+  86 
+  86 

+  86 

+  86 
+  86 
+  86 
+  86 

+  86 
+  86 
+  86 
+  86 


für 


-16 
-16 
-16 
-16 

-16 
-IG 
-18 
-16 

-16 
—17 
-17 
-17 

-16 
-17 
-17 
-17 


auf 

26° 


-68 
-61 
-56 

-  3 

+  5 
+  16 
+  19 

+  6 
+  13 
+  27 
+  29 

+  57 
+  60 
+  62 
+  63 


0.5031820 
2052 
2064 
1835 

0.5031986 
2084 
2138 
1999 

0.5032128 
1934 
1949 
2122 

0.5031987 
1921 
1919 
2010 


(-J!V=l-280) 

5    0- 


.5032349 
J357 


i       0.5031860 


1820 


>(Ä-'«) 

I 


i.5032378 
2345 


}       0.5031836 
5  1802 


Correction 
wegen 
Druck- 
unter- 
schied. 


in  Stern- 
zeit-sek. 


0.5032349 
2357 


0.5032353 

0.5031860 
1820 


0.5031840 

0.5032378 
2345 


0.5032362 

0.503 183(> 
1802 


0.5031819 
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.\RT.  11.— H.  X.'VGAOK'A,  S.  SHIN.IO  u.  R.  ÖTAXI  : 


LÄNGENMESSUNG  SEKUNDENPENDEL.  (Kanazawa.) 


Datum. 

Beol.. 

Lajre. 

Bi'leMolitu:i>4-  iluukel. 

Beleuchtun-,'  hell. 

Temp. 

Micro- 
abl. 

'J'emp. 

Micro- 

abl. 

Peudel. 

Scala. 

Pendel 

Scala. 

VI 1 1-8 

X 

I      F.o.v. 

29.45 

29.38 

- 103.2 

29.41 

29.34 

-107.3 

„ 

S 

„      F.u.v. 

.44 

.41 

-102.5 

.35 

.37 

-107.5 

,. 

X 

.,      F.u.h. 

.3(3 

.31 

- 103.7 

.26 

.22 

- 105.7 

" 

s 

„       F.o.h. 

.17 

.08 

-104.3 

.13 

.05 

-  109.9 

29.36     29.30    -103.4 

29.29     •J9.25     -107.6 

Länjre  der  Scala 

1.0004882 

1 ,0004873 

Micro- Ablesung 

-  1034 

-1076 

Red.  auf  29° 

-     G7 

-     54 

A  29°  bei 

1.0003781 

1.0003743 

Mittel 

i?0003762 

YIII-10 

s 

r      F.o.v. 

29.08 

29.09 

-108.0 

29.10 

29.11 

- 107.8 

„ 

X 

„      F.u.v. 

.21 

.26 

-103.2 

.20 

.25 

-  108.4 

„ 

s 

„      F.u.h. 

.17 

.20 

-105.5 

.16 

.18 

-107.8 

*' 

X 

„       F.o.h. 

.27 

.31 

-105.2 

.22 

.27 

-  106.7 

29.18     29.22     -105.5 

29.17     29.20    -107.7 

1.0004868 

1 .0004865 

-1055 

-1077 

-     33 

-     32 

1.0003780 

1.0D03763 

1.0003756 

VIII-IO 

s 

II      F.o.v. 

29.54 

29.57 

-103.1 

29.54 

29.57 

-   99.7 

„ 

s 

„      F.u.v. 

.38 

.38 

-   97.1 

.38 

.38 

-101.2 

„ 

o 

„      F.u.h. 

.46 

.46 

- 104.5 

.46 

.47 

-104.0 

" 

s 

„      F.o.h. 

.55 

.58 

-   97.4 

.53 

.57 

-   98.0 

29.48     29.50     - 100.5 

29.48     29.50    - 100.7 

1.0004915 

1. 000491 5 

-1005 

-1007 

-     89 

-     89 

1.0003821 

1  0003819 

1.0303820 

ABSOLUTE  MESSUNG  DER  SCHWERKRAFT.  57 

LÄNGENMESSUNG   SEKUNDENPENDEL.     (Kanazawa.) 


Datum. 

Beoh 

Lage. 

Beleuchtung  dunkel. 

- 

Beleuchtung  hell. 

Temp 

Mioro- 
"      abl. 

Temp. 

Micro- 
"      abl. 

Pendel 

Scala 

Pendel 

.  Scala 

VIII-12 

S 
0 

S 

TT'      F.o.v. 
„      F.u.v 
„      F.u.h. 

29.52 
.51 
.53 

29.52 
.51 
.52 

-  98.7 
-101.3 

-  98.6 

29.46 
.48 
.52 

29.47 
.46 
.52 

- 102.9 

-  99.9 

-  99.4 

0 

„       F.o.h. 

.70 

.67 

-100.3 

.64 

.62 

-101.7 

29.57    29.56    -  99.7 

29.53     29.52    -101.0 

Länge  der  Scala 
Micro-Ablesung 
Red.  auf  29" 

1.0004926 

-  997 

-  105 

1.0004919 
-1010 
-     98 

A  bei  29" 
Mittel 

1.0003824 

m 

1.0003818 

1.0003811 

VIII-12 

X 

IIT'     F.o.v. 

29.74 

29.73 

-   95.6 

29.69 

29.71 

-   97.7 

'■ 

0 
X 

0 

„      F.u.v. 
„      F.u.h. 
„      F.o.h. 

.80 
.87 
.79 

.78 
.87 
.75 

-   98.2 
- 107.7 
-101.2 

.75 

.79 

.77 

.74 
.79 
.73 

-  99.2 
-108.1 
-101.3 

29.80    29.78    - 100.7 

29.75     29.74    -101.6 

1.0004963 

1.0004956 

-1007 

-1016 

-   148 

-    139 

1.0003808 

1.0003805 

1.0003801 

VITI-13 

s 

m     F.o.v. 

29.36 

29.33 

- 100.2 

29.33 

29.32 

-104.9 

.. 

0 

„      F.u.v. 

.45 

.39 

-101.4 

.39 

.33 

-103.1 

.. 

s 

„      F.u.h. 

.37 

.37 

- 105.5 

.28 

.29 

-107.7 

" 

0 

.,      F.o.h. 

.38 

.36 

-101.3 

.28 

.27 

-103.5 

29.39     29.36    -102.1 

29.32     29.30    - 104.8 

1.0004892 

1.0004882 

-1021 

-1048 

-     72 

-     59 

1.0003799 

1.0003775 

1.0003787 

ART.  ll.-H.  NAGAOKA,  S.  SHINJÖ  u.  R.  ÖTAXI  : 


LÄNGENMESSUNG  SEKUNDENPENDEL.  (Kanazawa.) 


Datuui. 

Beob. 

Lage. 

Beleuchtung  dunkel. 

Beleuchtung  hell. 

Temp. 

Micro- 
abi. 

Teuip. 

Micro- 
abi. 

Pendel. 

IScala. 

Pendel. 

Scala. 

VIII-13 

S 

IV     F.o.T. 

29.03 

29.03 

-   96.4 

29.14 

29.13 

-104.0 

„ 

0 

„      F. u.V. 

.30 

.29 

-100.6 

.24 

.23 

-101.8 

„ 

s 

„      F.u.h. 

.19 

.19 

-   99.4 

.06 

.07 

-104.0 

" 

o 

„      F.o.h. 

.10 

.11 

-   99.4 

.13 

.13 

- 100.5 

29.10     29.U;    -   99.0 

29.14    29.14    -102.6 

Länge  der  Scala 

1.0004858 

1.0004855 

Micro-Ablesung 

-   990 

-1026 

Red.  auf  29° 

-     30 

-     26 

A  bei  29° 

1.0003838 

1.0003803 

Mittel 

1.0003821 

VIII-14 

s 

IV'     F.o.v. 

28.32 

28.83 

-102.0 

28.77 

28.79 

-104.9 

,, 

0 

„      F.u.v, 

.88 

.86 

- 100.8 

.73 

.73 

- 103.2 

„ 

s 

„      F.u.h. 

.78 

.78 

-103.5 

.72 

.73 

-107.1 

0 

„       F.o.h. 

.80 

.78 

-103.7 

.78 

.77 

-103.1 

28.82     28,81     -102.5 

28.75     28.76    -104.6 

1.0004799 

1.0004790 

-1025 

-1046 

-1-     33 

+     46 

1.0003807 

1.0003799 

1.0003790 
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LÄNGENMESSUNG  HALBSEKUNDENPENDEL.     (Kanazawa.) 


Datum. 

Beol). 

Lage. 

Beleuchtung  dunkel. 

Beleuchtung  hell. 

Temp. 

IVlicro- 
abl. 

Temp. 

Micro- 
abi. 

Pendel. 

Scala. 

Pendel. 

Scala. 

VIII-15 

X 

I'      F.o.v. 

28.69 

28.69 

-92.4 

28.73 

28.70 

-93.5 

„ 

X 

„      F.u.v. 

.81 

.77 

-88.2 

.76 

.77 

-84.8 

„ 

0 

„      F.u.h. 

.74 

.76 

-86.0 

.78 

.83 

-89.3 

" 

0 

„      F.o.h. 

.72 

.71 

-90.4 

.72 

.71 

-91.7 

28.74     28.73      -89.3 

28.75     28.75       -89.8 

Länge  der  Scala 

0.2501252 

0.2501253 

Micro-Ablesung 

-893 

-898 

Red.  auf  28° 

-   34 

-   35 

A  bei  28° 

0.2500325 

0.2500320 

Mittel 

a2500323 

vni-16 

s 

I      F.o.v. 

28.12 

28.09 

-90.2 

28.11 

28.08 

-94.9 

>• 

s 

„      F.u.v. 

.13 

.13 

-85.9 

.17 

.18 

-88.3 

„ 

0 

„      F.u.h. 

.21 

.17 

-87.2 

.20 

.16 

-90.2 

'* 

o 

„      F.p.h. 

.20 

.18 

-89.8 

.24 

.23 

-89.7 

28.17     28.14      -88.3 

28.18     28.16      -908 

0.2501227 

0.2501228 

-883 

-908 

-     8 
0.2500336 

-     8 

( 

3.2500312 

0.2500324 

VIII- IC 

s 

II      F.o.v. 

28.18 

28.18 

-86.2 

28.29 

28.28 

-87.9 

,, 

s 

„      F.u.v. 

.32 

.29 

-85.7 

.33 

.32 

-88.3 

„ 

0 

„      F.u.h. 

.33 

.30 

-87.5 

.37 

.36 

-89.6 

'* 

0 

„      F.o.h. 

.40 

.38 

-87.7 

.37 

.32 

-88.4 

28  31     28.29      -86.8 

28.34     28.32      -  88.6 

0.2501233 

0.2501234 

-868 

-886 

-   14 

-   16 

0.2500351 

0.2500332 

0.2500342 

(30  ART.  11. -H.  NAGAOKA.  S.  SHIX.IÔ  u.  R.  ÖTANI: 

LÄNGENMESSUNG  IIALBSEKUNDENPENDEr.  (Kanazawa.' 


Datum. 

Beob. 

Lage. 

Beleuchtung  dunkel. 

Beleuchtung  hell. 

'I'emp. 

Micro- 
abi. 

Temp. 

Micro- 
abi. 

Pendel. 

Scala. 

Pendel, 

Scala. 

vrii-17 

S 

ir     F.o.v. 

27.52 

27.50 

-86.9 

27.58 

27.58 

-89.7 

,. 

X 

„      F. u.V. 

.64 

.63 

-85.8 

.62 

.61 

-89.3 

„ 

S 

„      F.u.h. 

.56 

.54 

-84.7 

.61 

.58 

-83.3 

" 

N 

„      F.o.h. 

.56 

.Q6      -89.3 

.65 

.67 

-88.4 

27.60    27.58      -86.7 

27.62     27.61       -87.7 

Länge  der  Scala 

0.2501203 

0.2501205 

Micro-Ablesung 

-867 

-877 

Red.  auf  28° 

4-  la 

+   18 

A  bei  28° 

0.2500355 

0.2500346 

Mittel 

£2500351 

VIII-17 

0 

III'    F.o.v. 

27.45 

27.43 

-87.6 

27.52 

27.52 

-88.9 

„ 

0 

„      F.u.v. 

.55 

.54 

-88.4 

.55 

.57 

-88.6 

,', 

s 

„      F.u.b. 

.57 

.54 

-84.2 

.64 

.64 

-85.9 

■• 

s 

„      F.o.h. 

.73 

.74 

-82.8 

.71 

.74 

-88.1 

27.58     27.56      -85.8 

27.61     27.62       -87.9 

Lange  der  Scala 

0.2501202 

0.2501205 

Micro-Ablesung 

-858 

-879 

Red.  auf  26' 

-   73 

-  74 

y\  bei  26° 

0.2500271 

0.2.500252 

Mittel 

02500262 

YITI-18 

X 

III     F.o.v. 

25.84 

25.84 

-93.4 

2585 

25.87 

-93.3 

X 

„      F.u.v. 

.88 

.88 

-89.6 

.89 

.88 

-88.9 

X 

„      F.u.h. 

.94 

.89 

-89.7 

.92 

.92 

-89.1 

" 

X 

,,      F.o.h. 

.98 

.99 

-87.8 

.95 

.98 

-91.4 

25.91     25.90      -90.1 

25.90     25.91       -90.7 

0.2501133 

0.2501133 

-901 

-907 

-1-      4 
0.250023G 

+     5 

0.25OO231 

0.2503234 

ABSOLUTE  MESSUNG  DER  SCHWERKRAFT.  Ql 

LÄNGENMESSUNG  HALBSEKUNDENPENDEL.    (Kanazawa.) 


Datum. 

Beob. 

Lage. 

Beleuchtung  dunkel. 

Beleuchtung  hell. 

Temp. 

Micro- 
abi. 

Temp. 

Micro- 
abi. 

Pendel. 

Scala. 

Pendel. 

Scala. 

VIII-18 

S 

IV     F.o.v. 

25'93 

25.93 

ß 
-89.3 

25°99 

52°98 

-91.5 

,, 

S 

„      F. u.V. 

.99 

.98 

-89.2 

.96 

.98 

-94.6 

„ 

0 

„      F.u.h. 

.98 

.98 

-88.1 

.96 

.98 

-88.7 

•' 

0 

„      F.o.h. 

.87 

.88 

-88.6 

.88 

.90 

-89.8 

25.94.     25.94.      -88.8 

25.95     25.96      -91.2 

Länge  der  Scala 

0.2501134 

0.2501135 

Micro-Ablesung 

-888 

-912 

Red.  auf  26° 

+      3 

+     2 

A  bei  26° 

0.2500249 

0.2500225 

Mittel 

a2500237 

VI 11-19 

X 

IV'     F.o.v. 

25.16 

25.15 

-92.4 

25.14 

25.14 

-93.0 

,, 

X 

„      F.u.v. 

.13 

.12 

-91.7 

.18 

.17 

-92.4 

„ 

0 

.,      F.u.h. 

.22 

.21 

-88.9 

.25 

.26 

-90.9 

" 

0 

„      F.o.h. 

.30 

.22 

-88  8 

.30 

.27 

-88.5 

25.20     25.18      -90.5 

25.22     25.21       -91.2 

0.2501103 

0.2501104 

-905 

-912 

+   37 

+   3G 

0.2500235 

0.2500232 

0.2500228 
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AKT.  11.— H.  NAGAOKA,  S.  SHIXJÖ  n.  K.  ÖTANI: 


Schneiden 
Combina- 

'I'emp. 

T.I 

A 

Mittel. 

i; 

Corrn. für 

I-, 

elast. 

tion. 

red.  auf 

(Sternzeit) 

A 

Biegung. 

I 

29!'00 

1.0063862 

m 
1.0003762 

ir 

III' 

" 

892 
871 

818 
805 

1.0063892 
1.0036413 

1jÔ003802 

m 
0.9931 341 

-0^0003290 

IV 

" 

941 

821 

r 

29.00 

1.0063686 

1.0003768 

II 
III 

'• 

674 
745 

820 
787 

[  1.0063717 
1.0036239 

1.0003794 

0.9931680 

-0.0003290 

IV' 

'• 

763 

799 

I 

28.00 

0.5032435 

0.2500324 

\ 

II' 
III' 

26.00 

419 
353 

351 
262 

0.5032392 
0.5018652 

0.2500294 

0.9926975 

-0.0000020 

IV 

•' 

362 

237 

I' 

28.00 

0.5031849 

0.2500323 

11 
III 

26.00 

928 
840 

342 
234 

_  0.5031859 
0.5018121 

0.2500283 

0.9929034 

-0.0000020 

IV' 

" 

819 

232 

! 

Gleichungen 

für  die 

Länge  des 

einfachen 

Sekundenpendels. 


/  mm       / 

L  =  992.8091  (  1 


ß  +  d 
lüUO 

ß+d 


L=992.843g(  1  +- 

V  1000 

L  =  992.7115(  1  +-^r^  + 


L  =  992.9 174    1  + 


250 

ß  +  d 
250 


Ar 


406.5  / 

ày   ] 

406.5  / 
Ar\ 


70 

70 


Jk  =  0.00694)^^     ,^ 
^  „      ^0.00710 

J/ =0.00726) 

/9  + 3  =0.00390 


L  =  992.809l  +0.0039  +  0.0173=992.8303  -0.3 

L  =  992.8430  +  0.0037  -  0.0173  =992.8296  +  0.4 

L  =  992.7l  15 +  0.0155 +  0.1007  =  992.8277  +2.3 

L  =  992.9174  +  0.0155 -0.1007  =  992.8322  -2.2 


992.8300 
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Corrn.  für 
Mitschw. 

^o 

m 
+  0.0000040 

+  0.0000040 

+o.ooooieo 

+  0.0000160 

m 
0.9928091 

0.9928430 

0.9927115 

0.9929174 

L  =  992.830  mm. 

g=979.834  cm/sec'-i 
g-^' =979.890  ,,       corrigirt  für  die  Höhe  urfd  Anziehung  des  Terrains. 

g^= 979.875  „  „  „     „    Condensation. 

;^,  =  979.878 


ABSOLUTE  MESSUNG  DER.  SCHWEEKRAFT.  ß5 

TOKYO. 

Die  Pendel  wurden  in  Central-siid-ost-keller  (Tafel  II)  des 
physikalischen  Instituts  der  Universität  geschwungen.  Der  Granit- 
pfeiler, den  wir  in  Kyoto  gebraucht  haben,  wurde  hier  wieder  auf- 
gebaut, und  darauf  die  Pendel  geschwungen.  Der  Keller  hat  sich 
sehr  gut  gegen  die  Temperaturschwankungen  gehalten,  da  wir  die 
Einofanofsthür  zusreschlossen  und  von  Aussen  die  Koincidenz- 
beobachtuno-  o-emacht  haben. 

Das  Institut  ist  auf  einem  Boden  gebaut,  welcher  nicht  sehr  fest 
ist  ;  desweo'en  hat  man  o^rosse  Soro-falt  o^eo:enüber  den  Erdbeben 
anzuwenden.  Das  Erdbeben  in  Alaska  hat  den  Boden  in  langsame 
aber  grosse  Bewegung  versetzt,  wovon  die  Koincidenzbeobachtung 
und  das  Erdbebendiagram  genaue  Kenntniss  giebt.  Die  Störungen  in 
(j  topographischen  Ursprungs  werden  sehr  gering  sein  im  Vergleich  zu 
Kyoto  oder  Kanazawa,  da  die  Stadt  Tokyo  auf  einer  sehr  weiten 
Ebene  2:ebaut  ist. 

Die  folgenden  Tabellen  enthalten  die  Messuno-sresultate  :— 
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AKT.  11.— H.  NAGAOKA,  S.  SHINJO  &  R.  ÖTAXI  : 


Breite  :  85*  42',G  N. 
Station  :•!  Länge  :  9*"  19™  3'  östlich  von  Greenwich. 
iHühe    :   15'"     :     6/ =  2,0 

Physikalisches  Institut  der  Universität  zu  Tokyo. 

Datum  :     9  bis  16ten  September,  1899. 
Beobachter  :     H.  Nagaoka,  K.  ütani  und  S.  Shinjö. 

Instrumente. 

^,  (Negus  No.  1891  für  Koincidenzl)eobachtung. 

Chronometer  :  j 

i      „         „     1622    „  astronomische  Beobachtung. 


Durchgangsinstrument  :   Kübel. 
Thermometer  :  Gerhardt 

4242 

Corrn.  bei  20°  -0,08 

Barometer  :     Aneroid  Casella  Mo.  2452  :  richtig. 
Hygrometer  :     Psychrometer. 
Seismometer  :     Horizontalpendel. 


Gerhardt 
4243 

-0,08 


Schneidencombination  des  Pendels  : 


1 


••m 


F.\J] 


"m 


Biegungscorrection 


Mitschwinguugscorrection 


Micromete 


r  : 


Correction  für  Sekundenpendel     —  329/i  in  L 

,,  ,.    ^S.  pendel  —     2/2  ,,    „ 

,,  ,,    Sekundenpsndel  3,4//  ,,    L 

„  „    ^S.  pendel  13,4/^  „    „ 

Oben     :  100^=  100,'*9l     bei  22' 

Unten  :  100^=100,^40       „     „ 
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Lage  der  Thermometer 


n 


.-*  "■ 


n 


□ 


□ 


Täglicher  Gang  des  Chronometers  1891. 


Datum  (S.Z.) 

JT 

Differenz. 

Mittlerer  täg- 
licher Gang. 

h 

li      m         s 

1899-September-9 

21,9 

1    3    35,18 

1^44 

1^63 

10 

17,9 

36,62 

1,74 

1,76 

11 

18,2 

38,36 

2,05 

1,96 

12 

18,4 

40,41 

1.81 

1,77 

13 

19,0 

42,22 

1,33 

1,30 

14 

19,4 

43,5.5 

3,49 

1,83 

16 

18,8 

47,04 
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ART.  11.— H.  NAGAOKA,  S.  SHIXJO  u.  R.  ÖTAXI: 


SCHWINGUNGSDAUER 


Datum. 

Beob. 

Lage. 

Keine. - 
intervalL 

Stangenteuip. 

Aus- 
schlafe 
in  der 
Mitte. 

Luft- 
druck. 

0. 

u. 

(o)+3(u) 

4 

IX-10 

X 

I      F.o.v. 

158.794 

22!l5 

2211 

22.12 

19!l 

mm 
756.0 

„ 

,      F.u.v. 

158.925 

21.98 

21.93 

21.94 

19.0 

756.8 

,,-11 

S 

,      F.u.v. 

159.295 

21.51 

21.52 

21.52 

17.5 

751.2 

„ 

,      F.o.v. 

153.875 

21.60 

21.62 

21.02 

19.0 

754.0 

„-10 

0 

,      F.u.h. 

158.895 

21.89 

21.78 

21.81 

18.8 

757.1 

„ 

,      F.o.h. 

158.701 

21.85 

21.82 

21.83 

19.4 

757.2 

„-11 

X 

,      F.o.h. 

158.955 

21.68 

21.Ü2 

21.64 

19.0 

754.5 

s 

,      F.u.h. 

159.245 

21.62 

21.60 

21.60 

19.2 

755.1 

IX-12 

X 

r     F.o.v. 

159.311 

21.32 

21.29 

21.30 

18.0 

754.4 

,, 

,      F.u.v. 

159.244 

21.31 

21.30 

21.30 

19.1 

754.7 

,      F.u.v. 

159.098 

21.36 

21.37 

21.37 

19.0 

753.8 

,, 

,      F.o.v. 

159.106 

21.36 

21.34 

21.34 

17.6 

754.4 

0 

,      F.u.h. 

1.59.221 

21.38 

21.34 

21.35 

190 

754.8 

,, 

,      F.o.h. 

159.084 

21.38 

21.31 

21.33 

17.9 

753.8 

s 

,      F.o.h. 

159.110 

21.19 

21.24 

21.23 

18.5 

753.8 

" 

,      F.u.h. 

159.152 

21.25 

21.29 

21.28 

19.0 

753.G 
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SEKUNDENPENDEL.     (Tökyö). 


ü 
t-l 

1 

Schwing- 
ungsdauer 
in 
Uhrzeit- 
sek. 

Reduction 

T 

r' 

Korrection 
wegen 
Drack- 
unter- 
schied. 

T 

in  Stern- 
zeit-sek. 

auf 
Stern- 
zeit. 

für 
a 

auf 

22° 

mm 
18.8 

18.8 

1.0063374 
320 

+  190 
+  190 

-19 
-19 

-11 

+  6 

1.0063534 

497 

> 

''^  -0.733) 
1.0063561 

+  1 

1.0063562 

1S.3 
18.4 

173 
341 

+  205 
+  205 

-16 
-  19 

+  45 
+  35 

407 
562 

676 

0 

676 

18.2 
18.3 

332 
411 

+  190 
+  190 

-19 
-20 

+  18 
+  16 

521 

597 

653 

0 

653 

18.3 
18.2 

17.8 
18.1 

308 
193 

1.0063167 
193 

+  205 
+  205 

+  228 
+  228 

-19 
-20 

-17 
-19 

+  34 

+  37 

+  65 
+  65 

528 

415 

1.0063443 
467 

ir. 

611 
''2  -0.728) 

1-/(2        / 

1.0063484 

+  1 
0 

612 

1.0063626 

1.0063484 

17.8 
17.7 

252 
249 

+  228 
+  228 

-19 
-16 

+  59 
+  61 

520 
522 

518 

+  1 

519 

17.9 
17.5 

203 
257 

+  228 
+  228 

-19 
-17 

+  60 
+  62 

472 
530 

430 

-1 

429 

17.8 
17  8 

247 
230 

+  228 

+  228 

-18 
-19 

+  72 
+  67 

529 

506 

489 

0 

489 

1.0063430 

70 


ART.  11.— H.  NAGAOk'A,  S.  SHIXJO  u.  R.  ÖTANI 


SCHWINGUNGSDAUEE 


Datum. 

Beob. 

Lage. 

Koinc- 
intervall. 

St 

angenteuip. 

Aus- 
schlag 
in  der 
Mitte. 

Luft- 
druck. 

0. 

u. 

4(o)+(u) 

5 

IX-U 

S 

r      F.o.v. 

78.7:^3 

21°34 

2L27 

2L33 

IS.B 

mm 
762.9 

>. 

„ 

,      F.u.v. 

79.219 

21.27 

21.21 

21.26 

20.4 

762.5 

,. 

N 

,      F.u.v. 

79.202 

21.33 

21.31 

21.33 

20.5 

761.0 

» 

,      F.o.v. 

78.G33 

21.32 

21.28 

21.31 

19.2 

761.0 

>. 

,      F.u.b. 

79.247 

21.35 

21.32 

21.34 

20.5 

761.5 

» 

,      F.o.h. 

78.G41 

21.33 

21.31 

21.33 

18.8 

761.0 

„ 

,      F.o.h. 

78.G29 

21.32 

21.32 

21.32 

18.8 

761.2 

" 

,      F.u.h. 

79.199 

21.32 

21.30 

21.32 

20.6 

761. 0 

IX-13 

N 

r     F.o.v. 

79.092 

21.41 

21.29 

21.39 

20.5 

756.9 

» 

„ 

,      F.u.v. 

79.152 

21.33 

21.31 

21.33 

19.3 

756.9 

„ 

„ 

,      F.u.v. 

78.997 

21.34 

21.33 

21.34 

19.2 

759.0 

„ 

„ 

,      F.o.v. 

79.052 

21.43 

21.39 

21.42 

21.0 

758.4 

„ 

S 

,      F.u.h. 

79.125 

21.37 

21.29 

21.35 

19.3 

757.0 

„ 

N 

,      F.o.h. 

79.0  iO 

21.45 

21.40 

21.44 

21.0 

757.1 

,,-14 

0 

,      F.o.h. 

79.033 

21.15 

21.12 

21.14 

21.0 

762.8 

" 

'"' 

,      F.u.h. 

79.238 

21.03 

21.01 

21.03 

19.4 

762.9 
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HALBSEKUNDENPENDEL.     (Tokyo). 


Schwing- 

Eeduction 

Korrection 

r 

'TS 

ö 
Q 

ungsdauer 

in 

ührzeit- 

sek. 

T 

r 

wegen 
Druck- 
unter- 
schied. 

in  Stern- 
zeit-sek. 

auf 

Stem- 
zeit. 

für 

a 

auf 
22° 

mm 
17.9 

17.9 

s 
0.503195G 

758 

-1-76 
4-76 

-9 
-11 

+  31 

+  34 

0^5032054 

1857 

>       0.5032308 

0 

o!5032308 

18.0 

765 

+  76 

-11 

+  31 

1861 

1        397 

0 

397 

18.0 

997 

+  76 

-10 

+  32 

2095 

18.0 

747 

+  76 

-11 

+  30 

1842 

l                  414 

0 

414 

18.0 

994 

+  76 

-9 

+  31 

2092 

180 
17.9 

17.4 

999 
766 

0.5031810 

+  76 
+  76 

+  103 

-9 
-11 

-11 

+  31 

+  31 

+  28 

2097 
18G2 

0.5031930 

]                  400 
[   0.5031882 

0 
0 

400 

0.5032380 

0.5031882 

17.4 

785 

+  103 

-10 

+  31 

1909 

17.9 

849 

+  103 

-10 

+  30 

1972 

l                2008 

0 

2008 

17.8 

826 

+  103 

-12 

+  27 

1944 

17.7 

796 

+  103 

-10 

+  30 

1919 

X               1882 

0 

1882 

17.6 

831 

+  103 

-12 

+  26 

1948 

17.4 
17.4 

834 
751 

+  76 
+  76 

-12 
-10 

+  40 
+  45 

1938 
1862 

X               1765 

0 

1765 

0.5931884 
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ART.  IL— H.  X.VGAOKA,  S.  SHIN'JO  u.  E.  ÖTANI 


LÄNGENMESSUNG  S1:KUNDENPENDEL.  (Tokyo). 


Datum. 

Beob. 

Lage. 

Beleuchtung  dunkel. 

Beleuchtung   hell. 

Temp. 

Micro- 
abl. 

Temp. 

Micro- 
abl. 

Pendel. 

Scala. 

Pendel.  Scala. 

IX-10 

S 

I       F.o  V. 

21°93 

22°03 

-115.7 

2L87     22^00 

-116.5 

,, 

0 

„      F.u.v. 

22.01 

22.07 

-115.1 

21.91     22.02 

-117.0 

,^ 

s 

„      F.u.h. 

22.04 

22.15 

-117.5 

21.92 

22.08 

-120.2 

" 

0 

„      F.o.h. 

22.17 

22. 2G 

-115.G 

22.10 

22.22 

-117.1 

22.04     22.13     -IIG.O 

21.95     22.08    -117.7 

Länge  der  Scala 

1.000367G 

1 .0003667 

Micro-Ablesung 

-1160 

-1177 

Eed.  auf  22° 
A  bei  22° 

—       7 

+       9 
1.0002499 

1.0002509 

Mittel. 

1.0002504 

IX-13 

s 

r      F.o.v. 

21.03 

21.11 

—117.8 

20.96 

21.06 

-118.G 

„ 

0 

„       F.u.v. 

21.12 

21.20 

-119.2 

21.08 

21.16 

-119.2 

,, 

s 

„      F.u.h. 

21.21 

21.25 

-117.2 

2107 

21.17 

-121.4 

" 

0 

„      F.o.h. 

21.24 

21.28 

-117.1 

21.20 

21.29 

-117.5 

21.15     21.21     -117.8 

21.08     21.16    -119.2 

1.0003521 

1.0003513 

-1178 

-1192 

+    157 

+   170 
1.0002491 

1.0002500 

1.0002496 
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LÄNGENMESSUNG   HALBSEKUNDENPENDEL.     (Tokyo) 


Datum. 

Beob. 

Lage. 

Beleuchtung  dunkel. 

Beleuchtung  heU. 

Temp. 

Micro- 
abi. 

Temp. 

Micro- 
abi. 

Pendel. 

Scala. 

Pendel. 

Scala. 

IX-15 

X 

I       F.o.v. 

21?46 

21^42 

M 

-89.8 

2L50 

2L48 

-94.0 

„ 

„ 

„       F.u.v. 

2165 

21.67 

-90.1 

21.64 

21.69 

-93.2 

„ 

0 

„      F.u.h. 

21.74 

21.82 

-89.9 

21.78 

21.86 

-92.5 

" 

" 

„      F.o.h. 

21.83 

21.88 

-91.2 

21.87 

21.97 

-92.0 

21.67     21.70      -90.3 

21.70     21.75      -92.9 

Länge  der  Scala 

0.2500956 

0.2500959 

Micro-Ablesung 

-903 

-929 

Red.  auf  22" 

+    15 

4-   14 

A  bei  22° 

0.2500068 

0.2500044 

Mittel. 

0.2500056 

IX-13 

s 

r      F.o.v. 

21.62 

21.72 

-91.1 

21.61 

21.74 

-94.4 

„ 

0 

„      F.u.v. 

21.66 

21.79 

-89.0 

21.67 

21.84 

-94.8 

„ 

s 

„      F.u.h. 

21.62 

21.82 

-84.0 

21.61 

21.81 

-93.4 

o 

„      F.oh. 

21.61 

21.81 

-88.1 

21.64 

21.82 

-90.3 

21.63     21.79       -88.0 

21.63     21.80      -93.2 

0.2500960 

0.2500961 

-880 

-932 

+   17 

( 

+   17 

3.2500097 

).2500046 

0.2500071 
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AKT.  1^.— H.  NAGAOKA,  S.  SHINJO  &  E.  ÖTANI  : 


Schneiden 

'J'euip. 

r. 

Corrn.  fiir 

Corrn. für 

Combina- 

A 

1/ 

elast. 

Milschwin- 

L, 

tion. 

red. auf 

r.a 

Biegung. 

g"ii!,'- 

I 

22!'00 

1.0063G25 
1.00.30141) 

111 

1.0002504 

0.9930577 

-0.0003290 

m 
+  0.0000034 

0.9927321 

I' 

22.00 

1.0063480 
1 .0036003 

1.00024Ü6 

0.993C859 

-0.0003290 

+  0.0000034 

0.9927603 

I 

22.00 

0.5032380 
0.5018Ö40 

0.2500050 

0.9926074 

-  0.0000020 

+  0.0000134 

0.9926188 

1" 

22.00 

0.5031884 
0.5018145 

0.2500071 

0.9928G98 

-0.0C00020 

+  0.0000134 

0.9928212 

Gleichungen  für 

die  Länge  des 

einfachen 

Sekunden- 

pendels. 


L  =  99..732l(l+-^+^) 
L  =  992.7603(l+^-;^) 


lOüO 
L=992.6188(l  +  -^r7nT-  + 


•iOö.5 
Ay 


ß  +  o       ûy 


vy\ 
70    / 


/       p+«        ûy    \ 
Il  =  992.8212(i  +  ^^-^) 


J/  =  0.00577) 
J;^ =0.0071 4  f 

/9  + 5  =0.00880 


0.00645 


L  =  992.7321  +  0.0097  +  O.Ol  58  =  992.7506 
L  =  992.7603  +  0.0087  -  O.Ol .58  =992.7532 
L  =  992.6 188  +  0.0349  +  0.0916  =  992.7453 
L  =  992.821 2  +  0.0349  -  0.091 6  =  992.7645 


992.7549 


-1.7 
+  1.7 
+  9.6 
-9.6 


L 

=992.755 

mm. 

ë 

=979.810 

cm/sec2 

fïo' 

=  979.813 

„ 

go 

=979.791 

„ 

y. 

=979.806 

>, 

corrigirt  für  die  Höhe  und  Anziehung  des  Terrains. 
„  „    Condensation. 
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MIZUSAWA. 

Als  ]3eobachtungsr;iiun  (Tafel  II)  wurde  ein  Keller  der  inter- 
nationalen Breitenstation  benutzt.  Er  liegt  130;».  nördlich  des 
Breitenbeobachtuno^sraumes.  Statt  des  Pfeilers  wurde  das  Mauerstativ 
verwendet,  welches  zum  Zweck  der  Schwerkraftsbestimmung,  beim 
Erbauen  des  Gebäudes,  an  der  AVestwand  des  Kellers  errichtet  worden 
war.  Der  Beobachtunc-sraum  war  ziemlich  eng-  und  daher  leidet  er 
etwas  an  Temperaturschwankungen,  im  Vergleich  mit  den  anderen 
Stationen.  Ferner  war  die  Luftfeuchtigkeit  immer  ziemlich  gross, 
sodass  man  den  Unterschied  in  den  beiden  Psychrometerthermo- 
metern  selten  bemerkt  hat.  Es  ist  daher  zu  befürchten  dass  die 
Oberfläche  des  Pendels  während  der  Beobachtung  mit  einem  Wasser- 
niederschlag bedeckt  war. 

Für  genaue  Beschreibung  des  Beobachtungsortes  verweisen  wir 
auf  den  ausführlichen  Bericht  in  den  Verhandlungen  der  zwölften 
internationalen  geodätischen  Conferenz. 

In  den  Folo:enden  finden  sich  die  Messun^-sresultate  in  tabel- 
larischer  Form  dargestellt. 
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AKT.  11.  -H.  XAGAOKA,  S.  SHIXJÖ  u.  R.  ÔTAXI. 


^lii-eite  :  39°  8'  7"  N. 
Station JLiinge  :  9''  24"  30^  östlich  von  Greenwicb. 
iHöhe    :  ßOm.  ;  ß  =  '2,rj 

Keller  der  Breitenstation  zu  Mizusawa. 

Datum:     13  bis  27teu  Juli,  1900. 
Beobachter  :     S.  Shinjö  und  R.  Ötaiii. 
Instrumente. 

INegus  No.  1891     fiir  Koincidenzbeobachtung. 
„         „     1G22      „    astronomische  Beobachtung. 
,,         „     1888      „    Yergleichung  mit  Chronograph. 
Durchgangsinstrument  :     Troughton  und  Simms. 

Gerhardt         Démichel 
4243 


Thermometer:     Corrn.  bei   17°      —0,07 

„    18°     -0,08 

„    19°     -0,08 

„    20°     -0,08 

„    21°     -0,08 

„    22"     -0,08 

Barometer  :     Aneroid  Casella  No.  2452  ;  Corrn.   —1,9mm. 
Hygrometer  :     Psychrometer  der  Breitenstation. 


142.5 

-0,28 
-0,30 
-0,31 
-0,31 
-0,32 
-0,35 


Démichel 
1426 
-0,41 
-0,40 
-0,38 
-0,38 
-0,39 
-0.40 


Seismometer  :     Horizontalpendel. 

Schneidencombination 
des  Pendels  : 


F_VS' 


FFl] 


r 


F 


m 


KM 

R' 


Biegungscorrection 


L  bedeutet  leichtes  Gewicht. 
S  ,,         schweres 


Correction  für  Sekundenpendel  —  329/i  in  L 

,,          ,,    ^S.  pendel  —     2//  ,,  ,, 

Mitschwingungscorrection  :          ,,          „    Sekundenpendel  +  0,4/^  ,,  ,, 

„    ^S.  pendel  +  1,5//  „  „ 


ABSOLUTE  MESSUNG  DER  SCHWEEKRAPJ', 
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Micrometer:  Oben    :  100^  =  100,57 

Unten  :   100^=100533 
Lage  der  Thermometer  : 


6 


r' 


P 


bei   21' 


Täglicher  Gang  des  Chronometers.     No.  1891. 


Datum  (S.Z.) 

A  T 

Differenz. 

Mittlerer 

täglicher 

Gang. 

h         m 

1900-Juli-13     16     49,0 

16  17     20,0 

17  16     22,0 
21     16     43,0 

26  17       0,0 

27  16       6,5 

+ 16'40 
21,98 
23,56 
31,03 
38,10 
38,86 

1,58 

7,47 
7,07 
0,76 

1^84 
1,63 

1,86 
1,41 

0,79 

ART.  IL— H.  N.A.GAOKA,  S.  SHIXJÖ  u.  K.  (yrANI. 


SCIIWINGÜNGSDAUER 


Datum. 

Beob. 

Lage. 

Koinc- 
intervall. 

Stangenteir 

P- 

Aus- 
schlag 
in  der 
Mitte. 

Luft- 
druck. 

0. 

u. 

(o)-f-3fu) 

4 

VII-14 

S            I 

F.o.v. 

104.261 

19^09 

19^05 

10.06 

19^4 

mm 
748.5 

jj 

S 

F. u.V. 

1 64.636 

18.96 

18.84 

18.87 

17.9 

748.5 

j, 

0 

F.u.h. 

1 64.709 

19.09 

18.83 

18.90 

17.9 

748.9 

>1 

0 

F.o.h. 

164.288 

19.08 

18.82 

18.89 

18.7 

749.3 

„  -15 

s 

F.o.h. 

164.582 

18.21 

18.07 

18.11 

18.6 

747.4 

,j 

s 

F.u.h. 

164.908 

18.56 

18.42 

18.46 

17.9 

746.8 

jj 

o 

F.u.v. 

164.893 

18.70 

18.42 

18.49 

17.9 

746.8 

'• 

0 

F.o.v. 

164.452 

18.82 

18.46 

18.55 

18.6 

746.4 

^11- 17 

s         ] 

'     F.o.v. 

164.978 

17.77 

17.66 

17.69 

18.1 

748.0 

s 

F.u.v. 

lOt.966 

17.60 

17.49 

17.52 

18.9 

748.1 

j, 

0 

F.u.h. 

164.897 

17.90 

17.67 

17.73 

18.5 

748.6 

,, 

0 

F.o.h. 

164.976 

17.90 

17.73 

17.77 

17.9 

748.5 

VII-27 

0 

F.o.v. 

164.311 

19.91 

19.57 

19.66 

17.9 

751.1 

,, 

o 

F.u.v. 

164.229 

20.16 

19.65 

19.78 

18.7 

751.7 

„ 

s 

F.u.h. 

164.217 

20.12 

19.67 

19.78 

18.9 

751.5 

" 

s 

F.o.h. 

164.253 

20.28 

19.85 

19.96 

17.5 

751.1 

VIT- 18 

o        II 

'     F.o.v. 

16,-,.  593 

17.14 

17.03 

17.06 

17.9 

749.7 

,, 

0 

F.u.v. 

165.087 

17.36 

17.19 

17.23 

18.9 

749.4 

,, 

s 

F.u.h. 

104.887 

17.64 

17.49 

17.53 

19.2 

748.5 

s 

F.o.h. 

165363 

17.60 

17.40 

17.45 

17.8 

747.6 

„ 

0 

F.o.h. 

165.290 

17.64 

17.39 

17.45 

17.8 

747.3 

„ 

0 

F.u.h. 

164.791 

17.62 

17.40 

17.46 

18.9 

74G.2 

,, 

s 

F.u.v. 

164.823 

17.50 

17.40 

17.43 

18.9 

745.1 

" 

s 

F.o.v. 

165.213 

17.56 

17.45 

17.48 

17.7 

745.1 

VII-19 

s          I 

I     F.o.v. 

164.829 

17.47 

17.37 

17.40 

18.9 

750.6 

>» 

s 

F.u.v. 

16t.833 

17.44 

17.32 

17.35 

18.3 

751.4 

j  j 

0 

F.u.h. 

164.750 

17.55 

17.30 

17.36 

18.1 

752.4 

,, 

0 

F.o.h. 

164.93G 

17.50 

17.28 

17.34 

19.3 

753.1 

,.    -20 

s 

F.o.h. 

105.154 

16.66 

16.51 

16.55 

188 

751.7 

,, 

s 

F.u.h. 

164.908 

16.95 

16.85 

16.88 

18.9 

751.5 

,j 

0 

F.u.v. 

164.855 

17.15 

10.94 

16.99 

18.3 

750.6 

" 

0 

F.o.v. 

104.929 

17.17 

16.98 

17.03 

18.9 

749.6 

ABSOLU'J'E  MESSUNG  DER  SCHWERKRAFT. 
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SEKUNDENPENDEL.     (lYlizUSawa). 


Schwins- 

Reduction 

Korrection 

x 

u 

un;jrsdiiuer 
in 

T 

t' 

wegen 
Druck- 

in Stern- 

auf 

Stern- 

zeit. 

Uhrzeit- 
sek. 

für 
a 

auf 
19° 

unter- 
schied. 

ZL-it-sek. 

mm 

s 

s 

(ff 

''-,  -0.733) 

—  Il^j                           j 

16.3 

1.0061252 

+  214 

-20 

-6 

1.0061410 

1.0061527 

0 

1.0061527 

16.4 

112 

+  214 

-17 

+  12 

321 

16.2 

084 

+  214 

-17 

+  9 

290 

562 

-1 

561 

16.1 

242 

+  214 

-19 

+  10 

447 

16.1 

131 

+  214 

-18 

+  83 

410 

522 

-1 

521 

16.0 

010 

+  214 

-17 

+  50 

2.57 

16.4 

015 

+  214 

-17 

+  48 

260 

534 

+  1 

535 

16.4 

180 

+  214 

-18 

+  42 

418 

''^  -0.728) 
1.0061310 

1.0061536 

14.6 

1.G0B0984 

+  190 

-17 

+  122 

1.0061279 

{t. 

0 

1.0061310 

14.6 

0988 

+  190 

-19 

+  138 

297 

14.6 

1014 

+  190 

-18 

+  118 

304 

327 

0 

327 

14.5 

0985 

+  190 

-17 

+  114 

272 

17.0 

1233 

+  92 

-17 

-61 

247 

275 

-1 

274 

16.8 

1263 

+  92 

-19 

-73 

263 

16.9 
17.6 

1268 
1255 

+  92 
+  92 

-19 
-16 

-73 

-89 

268 
242 

287 

-1 

2S6 

1.0061299 

13  9 

1.0060756 

+  217 

-17 

(17-) 
-6 

1.0060950 

[   1.0Ô61244 

0 

1.0061244 

14.1 

0943 

+  217 

-19 

-21 

1120 

14.4 

1017 

+  217 

-20 

-49 

1165 

286 

-1 

285 

14.3 

0811 

+  217 

-17 

-42 

0999 

14.3 

0868 

+  217 

-17 

-42 

1026 

342 

+  2 

344 

14.2 

1054 

+  217 

-19 

-43 

1209 

14.3 
14.2 

1042 
0897 

+  217 
+  217 

-19 
-17 

-40 
-45 

1200 
1052 

308 

'"^  -0.733) 
1.0061197 

0 

308 

1.0081295 

14,2 

1.0061037 

+  217 

-19 

-37 

1.0061200 

[t, 

+  1 

1.0061198 

14.2 

1038 

+  217 

-18 

-33 

1204 

14.2 

1069 

+  217 

-17 

-34 

1235 

114 

-1 

113 

14.2 

1000 

+  217 

-20 

-32 

1165 

13.6 

0918 

+  217 

-19 

+  42 

1158 

114 

0 

114 

13.9 

1010 

+  217 

-19 

+  11 

1219 

14.1 
14.0 

1030 
1002 

+  217 
+  217 

-18 
-19 

+  1 
-3 

1230 
1197 

173 

+  1 

174 

1.0061150 
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ART.  11.— H.  XAGAOKA,  S.  SHIXJÖ  u.  R   ÖTAX1. 


SCHWINGUNGSDAUER 


Dat 

uui.          Beob. 

Lage. 

Koinc- 
intervall. 

Stangenteu 

P- 

Aus- 
schlag 
in.  der 
Mitte. 

Luft- 
druck. 

0. 

u. 

4(o)-t-(u) 

5 

YJI 

21                S 

I      F.o.v. 

81.58S 

17!49 

17!'35 

17°4G 

18^4 

mm 
748.9 

S 

„      F.u.v. 

82.345 

17.55 

17.40 

17.52 

19.1 

749.1 

0 

„      F.u.h. 

S2.H41 

17.65 

17.32 

17.58 

19.8 

749.4 

0 

„      F.o.li. 

81.637 

17.92 

17.51 

17.84 

19.1 

750.1 

S 

„      F.o.h. 

81.GG2 

17.90 

17.60 

17.84 

19.2 

7.50.1 

s 

„      F.u.h. 

82.282 

17.80 

17.50 

17.74 

19.1 

750.8 

„ 

-22               0 

„         F.U.T. 

82.378 

17.05 

16.87 

17.01 

19.7 

7.52.8 

0 

„      F.o.v. 

81.787 

17.29 

17.03 

17.24 

18.9 

752.6 

VI] 

r-22          s 

r     F.o.v. 

81.883 

18.82 

18.30 

18.72 

21.0 

750.2 

s 

„      F.u.v. 

82.020 

18.63 

18.21 

18.55 

18.7 

750.0 

0 

„      F.u.h. 

81.972 

18.59 

18.13 

18.50 

18.7 

750.3 

0 

„      F.o.h.. 

81.946 

18.56 

18.11 

18.47 

20.2 

750.1 

-23                S 

„      F.o.h. 

62.009 

17.80 

17.61 

17.76 

21.2 

749.0 

S 

„      F.u.h. 

82.C92 

17.98 

17.70 

17.92 

19.1 

749.1 

0 

,,      F.u.v. 

82.081 

18.30 

17.89 

18.22 

18.9 

749.5 

0 

„      F.o.v. 

81.93G 

18.54 

18.21 

18.47 

20.0 

749.5 

VU 

-24               0 

ir     F.o.v. 

82.373 

18.52 

18.22 

18.46 

20.5 

750.6 

0 

„      F.u.v. 

81.623 

18.64 

18.29 

18.57 

18.9 

750.5 

S 

„      F.u.h. 

81.G28 

18.64 

18.39 

18.59 

19.1 

750.3 

s 

„      F.o.h. 

82.'.' 83 

18.82 

18.54 

18.76 

19.7 

749.9 

0 

„      F.o.h. 

82.304 

18.93 

18.48 

18.84 

20.1 

749.9 

0 

,.      F.u.h. 

81.605 

19.00 

18.53 

18.91 

19.1 

749.5 

s 

„      F.u.v. 

81.599 

18.99 

18.68 

18.93 

18.9 

749.5 

s 

„      F.o.v. 

82.363 

19.14 

18.73 

19.06 

18.7 

750.1 

vu 

-25               S 

II     F.o.v. 

81.598 

19.72 

19.23 

19.62 

18.9 

747.2 

S 

„      F.u.v. 

81.448 

19.57 

19.08 

19.47 

20.2 

747.0 

0 

„      F.u.h. 

81.405 

19.49 

18.99 

19.39 

20.2 

747.4 

0 

,,      F.o.h. 

81.642 

19.44 

19.08 

19.37 

19.3 

747.5 

,J 

-26               S 

„      F.o.h. 

81.783 

18.81 

18.55 

18  76 

18.9 

747.9 

S 

„      F.u.h. 

81.509 

19.07 

18.77 

19.01 

19.9 

748.1 

0 

„      F.u.v. 

81 .503 

19.40 

18.91 

19.30 

20.5 

748.1 

0 

„      F.o.v. 

81.740 

19.59 

19.08 

19.49 

18.9 

748.0 

ABSOLUTE  MESSUNG  DEE,  SCHWEEKEAFT. 
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HALBSEKUNDENPENDEL.     (Mizusawa). 


o 

3 
u 

Q 

Schwintr- 

ungsdauer 

in 

Ulirzeit- 

sek. 

EeductioE 

L 

T 

r' 

{Correction 
wegen 
Druck- 
unter- 
schied. 

r 
in  St  -rn- 
z^it-sek. 

auf 
Stern- 
zeit. 

f.u- 
a 

auf 
18° 

mm 
14.2 

14.2 

s 
0.5030831 

546 

+  95 
-H95 

-9 

-10 

+  25 
+  22 

0^5030942 
653 

[   0.5Ö31315 

0 

0^5031315 

14.3 

54S 

4-95 

-10 

+  19 

652 

l                   231 

0 

231 

14.4 

813 

+  95 

-10 

+  7 

905 

14.8 
14.7 

803 
569 

+  95 

+  95 

-10 
-10 

+  7 
+  12 

895 
666 

1        191 

0 

191 

14.0 
14.2 

15.2 
15.3 

534 

756 

0.5030719 
668 

+  95 
+  95 

+  82 
+  82 

-10 
-9 

-12 
-9 

+  46 
+  35 

-33 
-25 

665 

877 

0.5030756 
716 

:■           151 

N  \  hl  -  h.y                 1 
[   0.5030665 

0 
0 

151 

0.5031222 

0.5030665 

15.0 
15.1 

686 
696 

+  82 
+  82 

-9 
-11 

-23 
-22 

736 

745 

\                  724 

0 

724 

15.0 
15.0 

672 
6iO 

+  82 
+  82 

-12 
-10 

+  11 

+  4 

753 

716 

\                  669 

0 

669 

15.0 
15.1 

15.3 
15.4 

645 
699 

0.5030536 
818 

+  82 

+  82 

+  82 
+  82 

-9 
-11 

-11 

-9 

-10 
-22 
(19°) 
+  25 
+  20 

708 
748 

0.5030632 
911 

{       657 

\       0.5031268 

0 
0 

657 

0.5030679 

0.5031268 

15.7 

15.8 

816 
569 

+  82 

+  82 

-10 
-10 

+  19 
+  11 

907 
652 

\                  233 

0 

233 

15.7 

15.7 

561 
825 

+  82 
+  82 

-11 

-10 

+  7 
+  4 

639 
901 

\                  236 

0 

236 

15.9 
15.9 

16.4 
16.4 

827 
539 

0.503084G 

885 

+  82 

+  82 

+  82 
+  82 

-9 
-9 

-9 
-11 

+  3 
-3 

-29 
-22 

903 
609 

0.5030890 
934 

\                  279 
[   0.5Ö30833 

0 
0 

279 

0.5031254 

0.5030833 

16.0 
16.0 

901 
811 

+  82 
+  82 

-11 
-10 

-18 
-17 

954 
866 

\                  753 

0 

753 

16.1 
16.1 

758 
861 

+  82 
+  82 

-9 
-10 

+  11 

-0 

842 
933 

\                  ''-' 

0 

725 

16.2 
16.2 

863 
773 

+  82 
+  82 

-11 

-9 

-14 
-23 

920 
823 

\                 698 

0 

698 

0.5030752 
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LÄNGENMESSUNG  SEKUNDENPENDEL.     (Mizusawal 


Datmn. 

I3eob. 

La;;o. 

Beleuchtung  dunkel. 

Beleuchtung  hell. 

Temp. 

Micro- 
abi. 

Temp. 

Micro- 
abi. 

Pendel. 

Scala. 

Pendel. 

Scala. 

A'II-13 

S 

I       F.o.v. 

19.73 

19.77 

-121.3 

19.76 

19.83 

-115.6 

„ 

Ü 

„       F.o.h. 

19.89 

19.93 

-117.0 

19.89 

19.87 

-119.9 

„ 

0 

„          F. M. 11. 

19.95 

19.96 

-117.9 

19.89 

19.94 

-116  9 

,, 

S 

F. u.V. 

19.99 

19.97 

-113.2 

19.90 

19.92 

-117.6 

VII -15 

0 

„       F.o.v. 

19.00 

19.05 

-119.4 

19.29 

19.35 

-115.7 

„ 

S 

„       F.o.h. 

19.46 

19.49 

-111.2 

19.4G 

19.48 

-118.7 

„ 

0 

„       F.u.li. 

19.69 

19.75 

-118.6 

19.56 

19.62 

-117.2 

" 

s 

,,       F. u.V. 

19.74 

19.78 

-116.4 

19.56 

19.62 

-119.1 

19.68     19.71    -116.9 

19.66     19.70    -117.6 

Länge  der  Scala 

1.0003270 

1.0003268 

Micro-Ablesung 

-1169 

-1176 

Red.  auf  19° 
A    bei  1!.° 

-    126 
1.0001975 

m 

-    122 

1.0001970 

Mittel. 

1.0001973 

VII -15 

s 

I'      F.o.v. 

19.13 

19.16 

-119.1 

19.38 

19.44 

-118.6 

„ 

0 

„      F.o.h. 

19.5t 

19.61 

-109.0 

19.56 

19.59 

-110.3 

,, 

s 

„      F.u.h. 

19.65 

19.73 

-114.9 

19.63 

19.69 

-125.0 

,, 

0 

„      F.u.v. 

19.67 

19.70 

-113.9 

19.60 

19.62 

-114.4 

VII-17 

0 

„      F.o.v. 

18.27 

18.32 

-115.0 

18.46 

18.52 

-113.1 

„ 

0 

„       F.o.h. 

J8.62 

18.70 

-111.3 

18.59 

18.66 

-115.4 

„ 

s 

.,       F.u.h. 

18.81 

18.82 

-113.2 

18.74 

1878 

-117.0 

" 

s 

„      F.u.v. 

18.95 

18.98 

-117.0 

18.83 

18.89 

-118.8 

19.08     19.13    -114.2 

19.10     19.15    -116.6 

1.0003173 

1.0003176 

-1142 

-1166 

-      15 

-      18 

1.0002016 

1.0001992 

1.0002004 
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LÄNGENMESSUNG  SEKUNDENPENDEL.  (lYIizusawa). 


Datum. 

BeolD. 

Lage. 

Beleuchtung  dunkel. 

Beleuchtung  hell. 

Teuip. 

Micro- 
abi. 

Temp. 

Micro- 
abi. 

Pendel. 

Scala. 

Pendel. 

Scala. 

vir-17 

S           I 

r    p.o.v. 

18.63 

18.67 

-  lf;0.9 

18.69 

18.71 

-106.7 

„ 

S 

,      F.o.h. 

19.02 

19.04 

-117.8 

18.92 

18.93 

-123.9 

„ 

0 

,      F.u.h. 

19.09 

19.14 

-114.6 

18.92 

18.95 

-114.3 

,, 

0 

,      F.n.v. 

19.05 

19.10 

-118.4 

18.93 

18.97 

-118.7 

VII-19 

0 

,      F.o.v. 

17.61 

17.62 

- 12.3.8 

17.53 

17.56 

-  123.3 

„ 

s 

.      F.o.h. 

17.53 

17.57 

-117.4 

17.51 

17.54 

-124.9 

„ 

s 

,      F.u.h. 

17.44 

17.52 

-128.6 

17.43 

17.49 

-123.0 

" 

0 

,       F. u.V. 

17.60 

17.64 

-120.9 

17.55 

17.61 

-123.9 

18.25     18.29    -117.8 

18.19     18.22    -119.8 

La 

age  der  Scala 

1.0003032 

1.0003020 

Mi 

cro- Ablesung 

-1178 

-1198 

I 

led.  auf  ]  7° 

-   231 

-    220 

A   bei  17° 

1.0001023 

rn 

1.0001602 

Mittel. 

1.0001613 

VII-19 

S           1 

I      F.o.v. 

17.60 

17.62 

-118.9 

17.59 

17.62 

-121.4 

,, 

S 

,      F.o.h. 

17.74 

17.75 

-115.6 

17.72 

17.73 

-115.8 

,, 

0 

,      F.u.h. 

17.83 

17.86 

-116.0 

17.75 

17.81 

-117.1 

„ 

0 

,      F.u.v. 

17.79 

17.83 

-125.1 

17.77 

17.81 

-121.4 

YII-20 

0 

,      F.o.v. 

17.15 

17.16 

-126.9 

17.39 

17.44 

-123.1 

„ 

0 

,       F.o.h. 

17.57 

17.73 

-131.6 

17.62 

17.69 

-122.1 

,, 

s 

,      F.u.h. 

17.85 

17.90 

-119.2 

17.80 

17.83 

-117.1 

" 

s 

,      F.u.v. 

18.00 

18.06 

-124.4 

17.89 

17.95 

-122.8 

17.69     17.74    -122.2 

17.69     17.74    -120.5 

1.0002940 

1.0002940 

-1222 

-1205 

-  128 

1.0001500 

-    128 

1.0001607 

1.0001599 
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LÄNGENMESSUNG  IIALBSEKUNDENPENDEL.  (lYIizusawa). 


Datuui. 

Beob. 

Lage. 

Beleuchtung  dunkel. 

Beleuchtung   hell. 

Temp. 

Micro- 
abl. 

Temp. 

Micro- 
abl. 

Pendel. 

Scala. 

Pendel. 

Scala. 

VII-20 

() 

1       F.o.v. 

18.30 

18.32 

-92.0 

18.47 

18.47 

-93.5 

„ 

O 

„      F.o.li. 

18.44 

18.45 

-90.1 

18.53 

18.54 

-91.5 

S 

„      F.u.h. 

18.35 

18.36 

-90.4 

18.48 

18.53 

-87.7 

S 

„       F.u.v. 

18.31 

18.33 

-86.7 

18.50 

18.54 

-90.6 

VII-22 

s 

„      F.o.v. 

18.1(3 

18.13 

-90.0 

18.36 

18.32 

-89.3 

„ 

s 

„      F.o.h. 

18.36 

18.34 

-89.4 

18.52 

18.52 

-86,5 

o 

„      F.u.h. 

18.50 

18.53 

-92.6 

18.G3 

18.67 

-89.1 

" 

0 

„      F.u.v. 

18..50 

18.50 

-92.6 

18.69 

18.68 

-91.2 

18.37     18.37      -90.5 

18.52     18.53      -89.9 

Länge  der  Scala 

0.2500817 

0.2500824 

Micro-Ablesung 

-905 

-899 

Eed.  auf  18° 
A   bei  18° 

-   17 

ni 

-   24 
0.2499901 

0.2499895 

Mittel. 

0.2499398 

YII-22 

s 

I'      F.o.v. 

18.57 

18.54 

-89.5 

18.86 

18.82 

-88.0 

s 

„      F.o.h. 

18.91 

18.90 

-86  3 

19.11 

19.11 

-84.7 

0 

„      F.u.h. 

19.00 

19.08 

-88.0 

19.31 

19.32 

-89.9 

„ 

0 

„       F.u.v. 

19.11 

19.11 

-88.9 

19.35 

19.32 

-90.1 

VII-23 

0 

„       F.o.v. 

19.1G 

19.13 

-92.0 

19.58 

19.52 

-90.8 

„ 

o 

„      F.o.h. 

19.72 

19.68 

-92.9 

19.96 

19.93 

-91.6 

„ 

s 

„      F.u.h. 

19.74 

19.72 

-90.9 

19.98 

19.92 

-89.4 

s 

„      F.u.v. 

19.91 

19.90 

-94.7 

20.16 

20.11 

-93.4 

19.27     19.26      -90.4 

19.54     19.51       -89.7 

0.2500854 

0.2500805 

-904 

-897 

-   59 

-  71 

0.2499891 

0.2499897 

0.2499894 
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LÄNGENMESSUNG  HALBSEKUNDENPENDEL.     (iVlizusawa). 


Datum. 

Beob. 

Lage. 

Beleuchtung  dunkel. 

Beleuchtung  hell. 

Temp. 

Micro- 
abi. 

Temp. 

Micro- 
abi. 

Pendel. 

Scala. 

Pendel. 

Scala. 

VII-23 

0 

II'     F.o.v. 

19.60 

19.59 

-90.8 

19.92 

19.88 

-91.4 

>» 

0 

„      F.o.h. 

19.91 

19.91 

-89.7 

20.14 

20.13 

-90.2 

„ 

S 

„      F.u.h. 

19.95 

19.94 

-87.5 

20.21 

20.18 

-87.1 

,, 

S 

„      F.u.v. 

19.90 

19.90 

-90.6 

20.11 

20.11 

-89.0 

VII-25 

s 

„      F.o.v. 

19.55 

19.52 

-93.9 

19.63 

19.65 

-93.9 

,, 

s 

„      F.o.li. 

19.66 

19.71 

-90.6 

19.85 

19.92 

-89.7 

j^ 

0 

„       F.u.h. 

19.87 

19.91 

-86.7 

20.06 

20.07 

-88.8 

" 

0 

„       F.u.v. 

19.91 

19.92 

-88.7 

20.09 

20.10 

-89.3 

19.79     19.80      -89.8 

20.01     20.01       -89.9 

Länge  der  Scala 

0.2500877 

0.2500886 

Micro-Ablesung 

-898 

-899 

Red.  auf  19° 

-   37 

-  47 

A   bei  19° 

0.2499942 

rn 

0.2499940 

Mittel. 

0.249994t 

Vir-25 

s 

II      F.o.v. 

19.67 

19.62 

-85.9 

19.96 

19.93 

-85.0 

JJ 

s 

„      F.o.h. 

19.77 

19.74 

-93.4 

19.99 

19.97 

-92.3 

JJ 

0 

„       F.u.h. 

20.03 

20.03 

-89.5 

20.20 

20.19 

-91.5 

»> 

0 

„      F.u.v. 

20.09 

20.11 

-90.7 

20.29 

20.30 

-91.8 

VII-26 

0 

„      F.o.v. 

20.45 

20.40 

-88.3 

20.74 

20.71 

-89.7 

jj 

0 

„      F.o.h. 

20.57 

20.61 

-88.7 

20.81 

20.84 

-90.1 

1, 

s 

„       F.u.h. 

20.72 

20.71 

-85.2 

20.96 

20,93 

-88.2 

" 

s 

„      F.u.v. 

20.89 

20.91 

-89.7 

21.09 

21.11 

-87.4 

20.27     20.27      -88.9 

20.51     20.50      -89.5 

0.2500897 

0.2500906 

-889 

-895 

-   59 

-  70 

0.2499949 

0.2499945 

0.2499941 

8G 


ART.  11.— H.  NAGAOKA,  S.  SHINJÖ  u.  R.  ÖTANT. 


Schneiden 
Combina- 
tion. 

Temp, 
rod.  auf 

^■,1 

A 

Mittel. 

L' 

Corrn.  für 

A 

elast. 
Biegung. 

I 

ir 

I 

II 

I 

ir 
r 
II 

19°00 
17.00 
19.00 
17.00 

18.00 
19.00 
18.00 
19.00 

s 
1.00G1536 

295 

10.0Ü1299 

150 

0.5031222 
254 

0.503C679 
752 

m 

1.0001973 

1G13 

1.0002004 

1599 

0.2 199898 
941 

0.2499894 
945 

)  L00G141G 
)  1.0033915 
)  1.00G1225 

>  1.0033755 

)  0.5031238 

>  0.5017501 
)  0.503071G 

>  0.501G980 

ni 
I.' 0)1793 

1.0001802 

0.2499920 
0.2499920 

m 
0.9934236 

0.9934620 

0.9930043 
0.993^105 

m 
-0.0003290 

-0.0003290 

-  0.0000020 
-0.0000020 

Gleichungen  für 
die  Länge  des 
einfachen 
Sekunden- 
pendels. 


mm         / 
/L  =  993.0950  [l  + 

L=993.1334  (l  + 

L=  993.0038  (n- 

^L =993.2 100  (l  + 


1000 
ß  +  d 


lOUO 

ß+ü 

250 
ß  +  8 
250 


40<J.5 

ây 

406.5 

ây 

70 

ây 

70 


Jv=o.00786)^^„„,^ 
.  „1  ^f0.0075G 

J>'= 0.00727) 

/9  + 5 =0.00245 


L  =  993.0950 +  0.0024 +  0.01 85  =  993.1159  +0.7 

L  =  993,1334  +  0.0024-0.0185  =  993.1173  -0.7 

L  =993.0038 +  0.0097 +  0.1073  =  993.1 208  -4.2 

L  =  993.2 100 +  0.0097 -0.1073  =  993.1 124  +4.2 


993.1  IGG 


^o 


y. 


=993.117 

=930.167 

=  980.179 
=980.179 
=980.105 


mm. 

cm/sec- 


corrigirt  für  die  Höhe  und  Anziehung  des  Terrains 
„        „   Condensation. 
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Corrn.  für 
Mitsch- 
wingung. 

T.„ 

+aooc)Oco4 

+  0.0000004 

+  0.0000015 
+  0.0000015 

0.9930950 
0.9931.334 

0.9930038 
0.9932100 

.^'ü 

jNIit  Condensations- 
correction  ((/o) 

/'o 

/'o       i/l) 

979,737 

979,737 

979,748 

+11 

979,890 

979,875 

979,878 

+    3 

979,813 

979,791 

979,806 

+  15 

980,179 

980,179 

980,105 

-74 
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Schlussbemerkung. 

Der  Uebersiclit  halber  stellen  Avir  die  Resultate  der  vier  Bestim- 
mungen zusammen,  mit  den  nach  der  Helmert'schen  Formel 

j;-978.04G-;l  +0,005302  .ç/;rV- 0,000007  .snr  2(p\ 

be  rech  rieten  Werte. 

/  cm  \ 

Kyoto  979,725 

Kanazawa  979,884 

Tükyö  979,810 

Mizusawa  980,167 

Hieraus  erhellt  dass  die  Schwerebeschleuniofnno-,  niit  Ausnahme 
von  MizusaAva,  sehr  nahe  dem  Jiormalen  AVert  stellt.  Die  Ueberein- 
stimmung  ist  am  vollkommensten  in  KanazaAva  ;  Kyoto  liegt  am 
weitesten  vom  Stillen  Ocean  (3der  vom  rla])anischen  Meere,  und  kann 
daher  als  auf  dem  Festland  üeleg-en  betrachtet  werden.  Mizusawa  ist, 
gleichwie  Kyoto,  ziemlich  tief  innen  gelegen,  aber  dia  Ursache  der 
Abweichung  scheint  hauptsächlich  im  geotectonischen  Character  der 
Geo;end  zu  lieg-en.  Die  Untersuchuno'  der  störenden  Schicht  wird 
am  bequemsten  durch  die  relativen  ]\[essungen  der  Schwerkraft  jener 
Geo-end  zu  führen  sein. 

Inzwischen  haben  wir  vier  Hanisekun(len])endel,  die  von 
Stückrath  angefertigt  sind,  für  den  Zweck  der  Anschlussmessung, 
erhalten.  Die  Anschlussmessung  des  (j  mit  Fotsdain  ei-gab  für  Tokyo 
den  AVert 

r/=r  979,814-''"^ 


>i€C- 

an    demselben    Ort,    wo    wir    die    reversiblen     Pendel    geschwungen 
haben,  Avenn 
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g  {Potsilam)=9S\,2i)0-^'"^ 


sec- 
angenoninion  wird. 

Weitere  An.schliisse  von  Kyoto  und  ^[iziisrnva   mit  Tokyo  gaben 
foJireiide  Ikesultate 


g(Kyöfo)=91iKl-ii 


fj  (Mi :usaica)=mO, 1S6 


nn 

sec- 
ern 


sec- 

Diese  relativen  Messungen  stimmen  ziemlicli  gut  mit  den  absoluten 
überein.  Könnten  wir  die  Biegungsconstante  für  das  Sekundenpendel 
noch  genauer  ermitteln,  so  würde  der  absoluten  Messung  viel  mehr 
Gewicht  beizulegen  sein  ;  aber  der  Unterschied  zwischen  den  absolu- 
ten und  relativen  Messungen  ist  ziemlich  klein,  sodass  der  Fehler 
innerhalb  der  Unsicherheit  in  der  Biegungscorrection  liegt.  AVenn 
es  möo-lich  wäre,  auf  irgend  eine  einfache  Weise,  die  Biegungs- 
correction genau  zu  bestimmen,  so  würde  es  nicht  viel  Mühe  kosten, 
unsere  IvesuUate  nochmals  zu  revidiren. 

Obgleich  wir  über  die  letzte  Stelle  der  Schwerebeschleunigung 
nicht  sicher  sind,  so  unterliegt  es  doch  noch  keinem  Zweifel  dass  die 
früher  ermittelten  Werte  der  Schwerkraft  in  Tokyo  etwas  mit  Fehlern 
behaftet  waren.  AVie  wir  aus  den  noch  niclit  veröffentlichten 
Resultaten  der  an  zehn  Stationen  in  die  mittleren  Breite  35°  N. 
vorgenommen  Messungen  vorhersagen  können,  besitzt  die  Schwer- 
kraft in  Japan,  wie  in  den  oben  genannten  drei  Stationen,  keinen 
eio-enthümlichen  Character  Avie  in  anderen  Ländern.     Mit  dem  Fort- 

o 

schreiten  der  relativen  Messungen  wird  es  möglich   sein  klares  Licht 
in  dieses  UntersuchunsTs^-ebiet  zu  werfen. 


'O^O 


Zum    Schluss    sei    es    uns   gestattet   den    Herren    Kector  Kino- 
shita,  Prof.  Muraoka  und  Prof.  Mizuno,    der   Universität   zu   Kyoto 
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Herren  Rector  Hôjô  und  Prof.  Xodu  des  Daishi-kötö-gakko  ;  Herrn 
Director  Kimiira  der  internationalen  Breitenstation  zu  Mizusawa,  fiir 
die  freundliche  Unterstützung  womit  diese  Herren  unsere  Messungen 
erleichtert  haben,  unseren  aufrichtigsten  Dank  auszusprechen. 
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VtTgrosseruflff  JO  /\n?h. 


0 


2  0       (Ende  d.  Koincj'd^n^beob.) 
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\ 

i 

EBBATA 


p.  2,  line     2,  read     '  Chladni's  '  for  '  Chludiii's'. 

P.  2,  line  17,  read     '  trace  '  for  '  have '. 

P.  3,  line     1,  read     '  flexure  '  for  '  pressure '. 

P.  3.  line  17,  omit     '  increase  in  the '. 

P.  4,  line  17,  read    '  with  '  for  '  within'. 

P.  4,  line  24,  read     '  the  ,  for  '  then  '. 

P.  5,  tables,  in  -  „,   ' — '  is  not  the  sign  of  division. 

P.  9,  line  12,  read     '  thesa  '  for  '  three  '. 

P.  10,  line  17,  read     '  then  '  for  '  there  '. 

P.  11,  line  16,  insert  after  '  5 '.     '  Cluuige  of  clasticitii  lit  noft  iron.' 

P.  12,  line     2,  read     '  about  '  for 'adouf. 

P.  13,  line  12,  insert  after 'depression '' sind  the  modulus  of  elasticity' 

P.  13,  table    ,  read    '  r+fir' for  '  Tx  |n". 

P.  14,  line     5,  read     '  compare  '  for  '  conforui  ". 

P.  15,  table     ,  read     '  r+ gll"  for  '  T+-|Tr '. 

P.  16,  line     3,  read     '  less  steep  '  for  '  mucli  steeper  '. 

P.  18,  table     ,  read     '  —4  '  for  '  —3  '. 
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1.  It  has  been  generally  admitted  that  magnetization  has  very- 
little  effect  upon  the  elasticity  of  ferromagnetic  substances.  Wertheim^^ 
measured  with  a  micrometer  the  elongation  of  an  iron  wire  due  to 
tension  in  the  mas^netized  and  unmao-netized  states  and  obtained 
exactly  the  same  results.  Guillemirr^  placed  an  iron  bar  horizontally, 
fixing  it  at  one  end,  while  from  the  other,  which  was  left  free,  he 
huner  a  small  weif^ht.  The  mat^netization  of  the  bar  by  a  co-axial 
coil  produced  a  slight  raising  of  the  weight.  Since  there  is  an 
attraction  between  the  bar  and  the  coil,  when  magnetized,  the  above 
effect  may  not  be  totally  due  to  the  increase  of  the  elasticity  of  the 
bar  ;    but    to    ascribe    the    effect    wholly  to    the    attraction,    as    G. 

1)  Wertheim,  Ann.  de  Chim.  et  de  Fhys.  (3)  12,  ülO,  1842. 

2)  Guillemin,  Comp.  Rend.  22,  264  and  432,  1846. 
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Wiedemunii^^  did  does  not  seem  to  be  justifiable.  Wartinium-'^  u.sed 
Cliladui's  figure  to  investigate  the  change  of  elasticity  of  magnetized 
iron  and  steel  plates,  and  also  examined  the  sound  accompanying 
longitudinal  and  transversal  viijrations  of  maofnetized  iron  wires. 
Xo  influence  of  magnetization  was  (observed.  Trèves^^  put  in  vibration 
two  tuning  forks  having  the  same  period  of  vibration.  When  one 
of  them  was  put  in  a  coil  and  magnetized  by  a  strong  electric  current, 
its  vibration  was  accelerated  producing  the  beat;  but  when  tlie  current 
was  broken,  the  beats  were  no  longer  audiljle  and  the  two  notes 
were  in  unison.  This  shows  an  increace  of  elasticity  by  ma- 
gnetization. H.  T<Hnlinson*' found  that  the  elono-ation  of  an  iron  wire 
by  loading  is  independent  of  magnetization.  Bock'^^  found  the  effect  to 
be  less  than  j%,  if  there  was  any.  By  passing  an  electi-ic  current 
through  a  stretched  pianoforte  wire,  M.G.  Noyes*"  noticed  an  increase 
of  elasticity,  which  was  less  than  \%.  But  in  his  later  experiment'^ 
he  did  not  accept  the  conclusion,  to  which  he  was  led  by  his  former 
experiment.  We  can,  however,  have  from  his  tables  an  increase  of 
•elasticity  ;  but  he  attributed  it  to  the  effect  of  temperature.  Maurain®' 
also  found  a  small  increase  of  frequency  in  a  tuning  fork  placed  in  a 
very  strong  magnetic  field.  In  the  investigation  of  the  etfect  of  tension 
upon  the  magnetic  elongation  of  a  pianoforte  wire,  B>.  Brackett^' 
observed  that  the  effect  of  tension  was  to  diminish  the  magnetic 
elongation,  and  he  ascribed  it  to    an    increase    of  elasticity.     J.    S. 


1)  Wipdeiiiana's  Electricität  HI.  813. 

2)  Wartmann,  Ana.  de  Chim.  et  de  Phys.  24,  363,  1848. 

3)  Treves,  Couip.  Rend.  67,  321,  1868;  Archives  des  soc  nat.  X.  S.  33,  7-t,  1368. 

4)  Toiiilinson,  Proc.  Roy  Soc.  40,  447,  1886. 

5)  Bock,  Wied.  Ann.  54,  442,  1895;  Phil.  Mag.  (5)  39,  548,  1895. 

6)  Noyes,  Pby.  Rev.  (4)  2,  277,  1895. 

7)  Noyes,  Phy.  Rev.  (6)  3,  432,  1896. 

8)  Maurain,  Comp.  Rend.  121»  248,  1895. 

9)  Brackett,  Phy.  Rev.  (5)  5,  257,  1897. 
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Stevens  and  H.  G.  Dorse\"  used  the  method  of  pressure  and  applied 
the  interference  frin,o-es  to  measure  the  amount  of  depression.  The 
effect  of  magnetization  upon  a  loaded  iron  or  steel  bar  was  found  to 
"be  very  small  ;  it  showed  a  minute  increase  of  elasticity,  amounting 
only  t(^  ^%  for  the  strongest  current  used.  The  effect  also  increased 
with  maofnetizino-  current.  In  the  next  year,  Stevens  measured  the 
niao^netic  elono^ation  of  steel  wires  under  different  tensions,  and 
ascribed  the  change  of  elongation  to  that  of  elasticity  by  magnetization, 
as  l^rackett  did.  The  result  was  an  increase  nearly  proportional  to 
the  magnetizing  force.  Lately  K.  Tangl'-^  has  published  his  results  on 
the  same  subject.  He  made  use  of  the  principle  that  the  moment  of 
n  biülar  suspension  increases  with  tension  applied  to  its  lower  end. 
B}^  magnetizing  the  wire  under  constant  tension,  he  measured  the 
amount  of  the  magnetic  elongation.  The  tension  was,  then,  so  varied 
that  the  wire  returned  to  its  initial  length.  The  ratio  of  the  tension 
so  varied  to  the  magnetic  elongation  was  taken  as  proportional  to  the 
increase  in  the  modulus  of  elasticity  in  that  field.  ]>esides  iron,  he 
also  examined  nickel  wires  which  showed  a  small  increase  of  elasticity. 
In  fields  rano^inç^  from  200  to  480  C.  G.  S.  units,  the  maximum 
increase  amounted  to  about  1.02%  for  iron  as  well  as  for  nickel.  He 
also  investigated  the  effect  of  tension,  but  the  result  does  not  seem  to 
be  satisfactory. 

All  of  these  experiments  show  that  the  magnetization  increases 
slightly  the  modulus  of  elasticity  of  iron  and  nickel,  and  that  the 
change  increases  with  the  magnetizing  force,  but  its  law  is  not  clearly 
brought  out. 

2.  Different  methods,  by  which  previous  experimenters  de- 
termined the  said  effect  may  be  grouped  under  three  heads.     The  first 

1)  Stevens  and  Dorsey,  Phy.  Rev.  (2)  9,  lid,  1899;  Phy.  Eev.  (2)  \\^  95,  1900;  Phy. 
Zeitschr.  2,  682,  1900. 

2)  Tangl,  Ann.  der  Phys.  6,  34,  1901. 
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method  makes  ii.se  of  the  acoustic  phenomena  and  can  not  be  used  for 
accurate  determinations. 

The  second  is  the  method  of  elonjjation.  Since,  the  elonfjation 
due  to  the  cliange  of  elasticity  is  only  a  small  fraction  of  the  total 
elongation,  this  method  is  only  suitable  for  the  accurate  measurement 
of  the  effect  in  question,  when  a  differential  method  is  applicable. 
Unfortunately  this  is  not  the  case  in  the  present  instance  ;  for  if  we 
first  stretch  the  wire  by  a  tension  and  then  magnetize  it,  there  is 
always  magnetic  elongation  which  is  far  greater  than  that  due  to  the 
change  of  elasticity. 

We  may,  however,  modify  the  measurement  in  the  following 
way,  as  l^idwell  and  others  have  done.  The  wire  is  first  brought 
under  tension,  and  then  the  mao-netic  elono^ation  in  different  fields  is 
determined.  This  process  is  repeated  with  several  loadings.  From 
these  sets  of  observation,  we  may  decide  the  question. — How  is  the 
elasticity  of  a  ferromagnetic  wire  affected  by  magnetization  ? 

Let  E'  and  E  be  the  modulii  of  elasticity  within  and  without  the 
magnetizing  field,  and  e'  and  e  the  magnetic  elongations  per  unit  of 
length  w'ith  and  without  the  tension,  respectively.  We  first  load  the 
wire  with  the  tension  T  per  square  centimeters,  and  then  magnetize  it; 
the  total  elongation  in  1cm  will  be 

Xext,  changing  the  order  of  operations,  we  first  magnetize  the  wire 
and  tlien  stretch  it  ;  then  elongation  will  be 

e+(l  +  e)—. 

If  the  elongation   is  independent  of  the  order  of  operations,  we  get, 
neglecting  small  quantities, 

putting  E'  — E=JE,  we  have 
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^E 


(e-e')E 


E    ~T-{e-e)K' 

If  we  wish  to  compare  two  curves  corresponding  to  the  tensions  T 

and  T  + jT,   the  ab(n'e  equation  becomes 

oE Je.E 

~Ë~~JT-J^.E' 

where  Je  is  the  difference  of  magnetic  elongations  corresponding  to  the 

tensions  T  and  T  +  zlT. 

In  the  preceding  paper,  two  of  us  studied  the  effect  of  tension  on 

magnetic  elongation  for  iron,  Wolfram  steel,   nickel,  and  nickel  steel 

From  these  results,  we  calculated  the  change  of  elasticity,  as  shown 

in  the  following  tables  :  — 


Soft  iron 


Wolfram  steel 


T 
JT 

167gr. 
tioü 

2U5gr. 
659 

412.5ffr. 
1320 

H 

ÔE 
E 

(5E 
E 

ÔE 
E 

30 

80 
300 

2.24X10--' 

2.23 

3.22 

0.83  X10-"-; 

0.98 

1.43 

0.59x10-2 

0.71 

0.67 

T 
Jl' 

4430or. 
3540 

7965gr. 
707o 

15030 
10600 

H 

(3E 
E 

ÔE 
E 

rîE 
E 

100 
300 

500 

0.10  X 10-2 

O.IS 

0.28 

0.21X10--' 

0.28 

0.31 

0.14X10-2 

0.24 

2.27 

Nickel 


Nickel  .steel  (45%  Ni) 


AT 


H 


10 

20 

60 

120 

260 


8H3gr. 

688 


ÔE 


—3.85X10 
—5.93 
—1.46 
-f-3.14 

4-6.90 


E 


4304ijr. 


1376 


ü, 


1.45X10 

6.33 
—7.93 
—2.54 

+  1.97 


—0.44X10 
—  1.36 
—8.77 
-7.53 
—1.93 


T 

156o;r. 
307 

770ùT. 

3842sr. 

AT 

601 

1230 

H 

dE 
E 

DE 

ÔE 

ft. 

E 

50 
100 
150 
300 
500 

14.10X10' 

14.90 

15,00 

15.00 

15.00 

4.58X10  " 

5.60 

6.80 

7.13 

6.45 

2.00X10  ' 
2.50 
2.40 
2.57 
2  53 
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Here  H  denotes  the  external  field  and  T  the  tension  per  square 
millimeters.  The  calculation  of  —rr  from  Steven's  results  for  a  piano- 
forte wire  gives  1.9x10"-  in  a  field  of  40  C.G.S.  units,  which 
approximately  agrees  with  the  results  for  soft  iron. 

From  these  tables,  we  see  that  in  iron  and  nickel  steel,  the 
magnetization  considerably  increases  the  modulus  of  elasticity,  the 
amount  of  the  chang^e  for  a  jriven  load  increasino;  with  the  ma^rnetizinfr 
field.  The  increase  also  varies  witli  tension  ;  it  decreases  as  the  tension 
is  increased.  Wolfram  steel  shows  a  small  increase  of  elasticity  ; 
under  a  constant  field,  the  increase  reaches  a  maximum  as  the  tension 
is  increased.  In  nickel,  the  elasticity  decreases  in  the  weak  fields  and 
increases  in  the  strong.  The  change  is  also  a  function  of  the 
tension  ;  in  weak  fields,  the  diminution  reaches  a  maximum  and 
then  frraduaJlv  decreases  as  the  tension  is  increased.  In  stronsf  fields, 
the  increase  becomes  less  and  less  and  at  last  changes  its  sign  with 
the  increase  of  tension.  The  field  in  which  the  change  of  elasticity 
vanishes  becomes  greater  as  the  tension  is  increased. 

The  third  is  the  method  of  flexure.  The  advantao;e  of  this 
method  lies  in  the  fact  that  the  dift'erential  effect  can  be  measured,  by 
suspending  a  weight  at  the  middle  of  a  ferromagnetic  bar  and  then 
measuring  the  change  of  depression  caused  by  magnetizing  it.  Such 
a  bar  elongates  or  contracts  by  magnetizition,  while  its  thickness 
diminishes  or  increases  ;  but  as  we  shall  soon  indicate,  the  lateral 
elongation  or  contraction  will  be  very  small  compared  with  the 
change  of  depression  due  to  that  of  elasticity. 

Hence,  uf  these  three  methods,  that  of  flexure  is  the  most  suitable 
for  studying  the  change  of  elasticity.  We  therefore  used  this  method 
to  investisrate  the  said  effect  and  also  t(3  test  the  results  of  the 
elongation  method  just  referred  to. 
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o.      Our  method  of  measurement  was  similar  to  that  of  Stevens 
and  Dorsey,  as  shown  in  the  annexed  figure. 


A  and  B  were  two  magnetizing  coils  of  the  same  dimensions-,, 
which  rested  horizontally  in  a  co-axial  line.  FG  was  a  stout  brass 
rod  of  rectangular  section  extending  between  tAvo  fulcrums  ;  it  was 
also  supported  at  the  midde  point  by  another  fulcrum.  The  coils 
can,  therefore,  be  moved  independently  of  the  bar.  LM  was  a  rod  to 
be  tested  placed  in  the  axial  line  of  the  coils.  It  was  supported  at 
L  and  M  bv  two  fulcrums  :  one  of  them  was  an  ordinary  wedsfe 
fixed  to  the  brass  rod,  while  the  other  consisted  of  a  cylinder,  which 
could  rotate  about  its  own  axis.  (^  was  the  weight  suspended  from 
the  middle  of  the  bar.  At  the  center  of  the  bar,  a  fine  copper  wire, 
the  diameter  of  which  was  about  0.08mm,  was  soldered  and  stretched 
vertically  upwards  by  means  of  a  weak  spring  P.  This  wire  was 
wound  once  round  a  rotating  cylinder,  to  which  a  small  mirror  was 
attached,  and  then  stretched  upwards,  as  used  in  Hertz's  dynamometer.* 

*  Hertz  .lüstniuientenkunde,  3,  17,  1883  ;  Gt^sauimelte  Werke  Ba.  1. 
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The  rotation  of  the  cvlindcr  \v;is  oh.served  ])y  means  of  a  vertical  «cale 
and  a  telesco[)e. 

The    dimensions    of    eacli    part    of   our    arrangement    were    as 
follows  ;- — 

Length  of  each  coil  —   39.90  cm, 

Its  internal  diameter  =     5.80  cm, 

4-n  =393.5, 

Distance  between  the  coils  in  air^  =     2.5  cm  for  iron  and  steel, 


r 

i=     2.( 


gap  i  =     2.0  cm  for  nickel  and  cobalt, 

i|=   59.9 
1=   21. 5« 


Distance   between  two  fulci'ams^  =   59.91  cm  for  iron  and  steel, 

L  and  M  /  =   21.59  cm  for  nickel  and  cobalt, 

Diameter  of  the  rotating  cylinder  =     0.172  cm, 
Scale  distance  ==2G1.3cm. 

The  sensibility  of  our  apparatus  was  such  that  the  displacement 
of  one  division  of  the  imaii^e  of  the  vertical  scale  in  the  field  of  the 
telescope  corresponded  to  a  change  of  depression  of  1.72xlO"^cm  in 
the  middle  of  our  ferromagnetic  rod.  It  was  neccessary  to  protect  the 
mirrcjr  and  the  thin  copper  wire  from  air  currents  in  order  to  prevent 
minute  vibrations  (jf  the  mirror. 

The  measurements  were  conducted  in  the  followins;  order.  The 
bar  to  be  tested  was  placed  in  the  axial  line  of  the  coils  and  then 
loaded  by  a  weight.  The  tension  of  the  fine  copper  wire  was  then 
suitably  adjusted  by  means  of  a  screw  fixed  to  the  support  K,  and  the 
inirroi'  was  directed  towards  the  telescope.  This  adjustment  was 
effected  as  in  the  experiment  described  in  the  preceding  paper.  To 
begfin  with,  a  current  through  the  coils  was  made  or  broken  and  the 
working  of  the  arrangement  tested.  The  bar  was  then  demagnetized 
nnd  the  initial  reading  taken.  A  current  was  then  passed  through 
the  coils  and  the  corresponding  deflection  noted.  These  processes 
were  repeated  with  successively  increasing  currents. 
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Since  the  resistance  of  the  coils  did  not  exceed  30  ohms,  no 
heating*  of  the  core  due  to  current  was  observed  during  the  time,  in 
which  the  deflection  was  taken  ;  hence  we  dispensed  with  water- 
jacketing  arrangement. 

The  lateral  contraction  or  elongation  due  to  magnetization  was 
at  most  of  the  order  2  x  lO"*'  cm  for  iron  and  7  x  10""  cm  for  nickel. 
For,  the  maximum  elongation  or  contraction  per  centimeter  in  the 
field  strength  used  in  the  present  experiment  was  about  4  x  lO"*^  and 
27  X  10""  cm  for  iron  and  nickel  respectively.  Hence,  assuming  the 
change  of  volume  to  be  negligibly  small  compared  with  that  of  length, 
the  maximum  lateral  contraction  or  elongation  was  approximately 
2  X  10"^  and  7x10""  cm  for  the  three  metals  respectively.  But  in  our 
experiments,  the  displacement  of  1mm  of  the  vertical  scale  in  the  field 
of  the  telescope  corresponds  to  a  change  of  depression  of  1.72  x  10"'  cm. 
Thus  the  lateral  change  of  dimensions  due  to  magnetization  is  within 
the  limit  of  experimental  errors.  The  disturbance  of  the  results  due 
to  magnetic  elongation  nv  contraction  in  the  longitudinal  direction 
was  eliminated  by  means  of  the  rotating  cylinder,  which  served  as 
one  of  fulcrums. 

The  bar  bent  slightly  downwards  if  loaded  ;  hence  when  it  was 
magnetized,  it  would  strive  to  make  itself  straight.  This  may  cause 
an  apparent  increase  of  elasticity  ;  but  it  was  confirmed  by  a  direct 
experiment  that  the  eltect  was  negligibly  small.  For,  the  reading 
obtained  by  inclining  the  two  coils  with  respect  to  the  bar  to  a  degree 
o-reatr  than  the  actual  case  was  almost  the  same  as  in  the  case  when 

c 

the  coils  rested  in  a  coaxial  line. 

Since  the  bar  was  considerably  shorter  than  the  whole  length 
of  the  coils,  it  lay  nearly  in  a  uniform  field,  except  at  the  middle. 
The  eftect  of  the  air  gap  between  the  coil  was  also  studied,  varying  its 


10 
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width  by  1  or  '2  cm  ;  liowever,  such  -x  change  hud  no  sensible  eüect  on 
our  results. 

4.     The    dimensions    of   our    specimens    and    their    niodulii    of 
elasticity  are  given  in  the  following  table  ; — 


Motal 

Soft  iron 

Steel 

Wolfram   steel 

Nickel 

Cobalt 

Length. 

64.00  cm 

64.00  cm 

64.00  cm 

24  20  cm 

27.30  cm 

Breadth. 

0.908 

0.920 

0.948 

0.510 

radius 

Thickness. 

0.901 

0.913 

0.958 

0.511 

=0.680 

Elasticity. 

2.02  X  10^- 

2.01  xlO^- 

2.05  X  10^^' 

1.90  X  10^-' 

1.79x101- 

The  present  arrangement  was  not  suitable  for  the  absolute 
measurement  of  the  modulus  of  elasticity,  since  the  yielding  effect  of 
several  parts  of  the  arrangement  disturbs  the  result.  Hence  the 
modulus  of  elasticitv  was  determined  by  the  ordinary  method  of 
flexure  with  two  mirrors. 

The  intensity  of  magnetization  of  these  specimens  was  determined 
by  the  magnetometric  metliod.  The  results  are  graphically  shown 
in  Fig.  1.  Ordinate  represents  the  intensity  of  magnetization  and 
abscissa  the  effective  field  (H  =  H'  — N  J). 

Tlie  maofnetic  chancre  of  length  was  found  to  have  an  intimate 
relation  to  the  change  of  elasticitv  :  it  was  therefore  measured  for  each 
specimen.  To  each  end  of  the  bar,  a  brass  rod  of  the  same  thickness 
and  15  cm  long  was  soldered.  The  bar  was  there  vertically  suspended 
co-axial  with  the  magnetizing  coil  by  means  of  a  screw  adjustment. 
From  its  hjwer  end,  a  weight  of  1  or  j  kilograms  was  hung  by  a 
copper    wire.     The    rotating    cylinder    with    a  mirror    was    brought 
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in  contact  with  the  wire  under  suitable  pressure,  to  prevent  sliding. 
The  weight  was  dipped  in  w^ater  so  as  to  avoid  its  vibratory 
disturbance.  The  magnetizing  coil  w^as  so  long  that  the  bar  lays 
nearly  in  a  uniform  field.  The  measurement  of  the  magnetic 
elonoration  jrave  the  followino;  results  ; — 


Soft  iron. 


St«:' el. 


W^olfram  steel. 


Nickel. 


Cobalt. 


H 

ÔI 
I 

H 

0/ 
I 

H           ^ 

H 

H 

SI 
I 

9.U 

-6 

0.45  X  10 

19.3 

-6 

O.OS  X  lu 

16.8  0.13X10 

16.8 

-6 

-   060X10 

17.0 

-ß 
-  0.00  X  lu 

13.-i 

20.1 

0.80 
1.65 

29.4 
52.0 

0.13 
0.83 

24.7  1.18 
38.6  3.16 

21.3 
34.4 

-  2.66 

-  4.52 

38.6 

-0.18 

30.6 

2.63 

90.6 

0.95 

58.3  4.26 

54.1 

-   7.97 

70.0 

-0.47 

67.1 

3.48 

137.1 

0.75 

83.9  4.99 

76.4 

-11.96 

113.3 

-0.77 

113.3 

3.06 

17' '.5 

0.28 

138.4  5.51 

12i.2 

-17.60 

176.8 

-130 

204. 1 

1.40 

260.1 

-0.58 

217.S  5.66 

282.5 

-24.58 

262.6 

-2.18 

349.9 

-1.48 

398.2 

-1.88 

393.7  5.24 

405.6 

-26.18 

399.5 

-3.41 

510.2 

-3.73 

512.8 

-2.93 

500.4  4.99 

516.5 

-26.84 

512.8 

-4.12 

ol 


Here  H  denotes  the  eifective  field  and  -^  the  elongation  or 
contraction  per  centimeter  due  to  magnetization.  These  results 
are  also  drawn  in  Fig. 2.  The  curves  for  soft  iron,  steel,  and  Wolfram 
steel  are  quite  ordinary  ;  that  for  nickel,  which  is  not  annealed,  is  less 
steep  than  fijr  ordinary  annealed  nickel.  Professor  Nagaoka  and  one 
of  us  have  already  pointed  out  that  the  magnetic  character  of  cobalt  is 
much  affected  by  annealing.  The  curve  for  cobalt,  which  w^as  well 
annealed,  shows  this  abnormity.  We  shall  soon  observe  that  the 
elasticity  of  a  substance  undergoing  large  magnetic  change  of  length 
is  also  much  influenced  bv  mairnetization. 

5.  In  observing  the  displacement  of  the  image  of  the  vertical 
scale  in  the  field  of  the  observing  telescope  by  passing  a  current 
through  the  coils,  w^e  were  struck  with  the  large  effect  contrary  to 
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the  results  of  previous  experimenters.  The  largest  deflections  for 
soft  iron  and  wolfram  steel  amounted  to  adout  9  cm  with  a  scale  at  a 
distance  of  2.(5  meters  for  a  field  of  500  C.G.S.  units. 

The  change  of  depressi<3n  corresponding  to  different  headings  in 
soft  iron  is  given  in  the  following  table  and  graphically  shown  in 
Fig.  3. 


T:= 

1  lOar 

T  = 

:6l0gr. 

T  = 

1630gr. 

T  = 

^2650gr. 

H 

Js 

H 

OS 

H 

OS 

H 

OS 

7.6 

0,26  X  1Ö' 

13.1 

1.03x10' 

7.6- 

-0.17x10* 

10.6 

-0.26x10* 

11.7 

0.69 

1B.8 

1.89 

15.8 

1.20 

20.1 

4.90 

15.4 

1.35 

26.1 

4.13 

17.9 

2.58 

26.9 

8.77 

20.9 

2.41 

29.0 

4.82 

24.5 

0.19 

33.9 

11.52 

23.6 

2.75 

36.2 

5.50 

33.5 

8.52 

52.9 

13.50 

33.5 

3.61 

59.0 

6.36 

41.4 

9.12 

69.4 

14.27 

52.9 

4.13 

1 38.4 

6.36 

55.8 

9.63 

129.0 

14.45 

103.7 

4.30 

231.4 

6.36 

194.5 

9.63 

211.7 

14.62 

233.9 

4.13 

290.8 

6.36 

206.8 

10.15 

289-6 

14.79 

365.2 

4.30 

382.5 

6.36 

437.0 

11.04 

397.5 

15.31 

In  the  above  table,  the  change  of  depression  o^s  is  taken  positive 
when  it  indicates  an  increase  of  elasticity  and  taken  neo-ative,  when  it 
indicates  a  decrease.  H  is  the  effective  field,  and  T  the  suspended 
weight.  It  is  to  be  observed  that  owing  to  the  weight  of  the  bar 
itself,  the  depression  is  caased  by  magnetization,  when  there  is  no 
suspended  weight. 

The  general  course  of  the  curves  in  Fis".  3  resembles  that  of 
magnetization.     In  weak  fields,  however,  we  notice  a  minute  decrease 
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of  elasticity,  M^hen  the  load  exceeds  about  1.5  kilograms.  Iron 
contracts  laterally  when  magnetized  by  weak  currents,  and  this 
contraction  may  produce  such  an  apparent  decrease  of  elasticity  ;  but 
the  calculation  shows  that  it  is  more  than  can  be  accounted  for  by  the 
lateral  contraction.  When  the  üeld  increases  beyond  this  region,  the 
change  of  depression  increases  rapidly  and  soon  reaches  its  asymptotic 
value,  after  which  the  increase  takes  place  quite  slowly.  When  the 
weight  is  added  under  a  given  field,  the  change  of  depression  is 
increased.  The  rate  of  increase  is  laro^e  wnth  a  small  weijïht,  and 
decreases  in  amount  as  the  w^eight  is  increased,  approaching  an 
asymptotic  value. 

From  the  change  of  depression,  we  may  calculate  the  ratio  of  the 
change  to  the  modulus  itself.  The  depression  due  to  the  suspended 
weight  as  well  as  to  its  own  weight  in  an  unmagnetized  bar  is  given 
by  the  approximate  formula*  .s— ,-p,'^,.,(T  +  |-W), 

where  /,  a,  h  are  the  length,  breadth  and  thickness  of  the  bar,  T  and 
W  are  the  suspended  weight  and  the  weight  of  the  bar  itself 
respectively,  /  and  W  refer  to  the  part  of  the  bar  lying  between  two 
fulcrums.  The  observed  change  of  depression  divided  by  this  is  the 
ratio  in  question,  that  is, — =p—.      Some  of  our  results  of  calculation  are 


given  in  the  following 

table  : — 

ir<^     329  gr. 

829  gl-. 

1349  gr. 

1849  gr. 

2869gr. 

•20 

1.64  xio'' 

0.77  X  lo"' 

0.50  ^  lo"' 

0.47  X  lo'' 

0.44  X  lo"' 

30 

2.79 

1.47 

1.09 

1.08 

0.88 

50 

3.15 

1.84 

1.35 

1.28 

1.16 

100 

3.36 

1.92 

1.48 

1.37 

1.28 

250 

3.40 

1.93 

1.51 

1.40 

1.32 

400 

3.40 

1.93 

1.51 

1.40 

1.32 

*)     Clebsch's  ElasticitJit  375  ;   Winkelmann's  Physik  I,  2G6. 
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The  abovt'  ivsnlt.s  for  soft   iron  approximately  agree  with  those 
given  by  the  method  of  elongation  both  ([iialitatively  and  quantitatively. 

Hilt,  the  specimens  in  these  two  cases  are  not  the  same,  and  moreover 

oE    .... 
— p—  IS  a  function  of  a  stress  ;   hence  we  can   not,   in   a    strict   sense, 

conform  these  two  results.     Our  results,  when  compared  with  those  of 

j)i-inious   experimenters,    are   markedly   large,    especially    with   small 

It^adinirs. 

Wolfram  ntfcl.       The    change  of  elasticity   by  magnetization  for 

wolfram   steel    is   (juite   similar   to  that  of  soft  iron.     The  curves  of 

depression  is  less   asymptotic  to  the  axis  of  the  magnetizing  force. 

The  initial  small  decrease  of  elasticity  is  more  marked  than  in  the  case 

of  soft  iron  and  occurs  even  with  the  smallest  load.     The  followinij 

table  and  Fig.  4  show  the  character  of  the  change  of  depression. 


T  = 

=  110  gr. 

T  = 

=  549  gT. 

T  = 

=  1130  gr. 

T  = 

=  1918  gT. 

H 

OS 

H 

ds 

H 

as 

If 

as 

15.8  - 

-0.05  X  lo"' 

14.0  - 

-0.03x10'' 

15.1 

—0.05  X  10 

18.2  - 

-  0.34  X  lo"' 

20.5  - 

-0.20 

19.4  - 

-0.22 

18.2 

—0.21 

20.5  - 

-  0.69 

23.9 

0.34 

23.1  - 

-0.03 

22.4 

—0.24 

23.0  - 

-  0.21 

30.2 

0.83 

25.4 

0.34 

25.0 

0.30 

38.4 

8.43 

40.7 

1.40 

30.0 

3.44 

30.2 

3.41 

50. D 

10.23 

02.0 

1.93 

OS.l 

4.04 

41.1 

5.70 

75.7 

11.09 

91.9 

2.34 

91.9 

5.07 

08  5 

7.09 

144.3 

11.74 

2119 

2.80 

269.9 

6.02 

224.2 

8.95 

230.2 

12.38 

384.0 

3.44 

386.5 

0.28 

348.1 

9.20 

360.5 

13.07 

484.9 

3.97 

486.0 

0.79 

472  4 

9.50 

400.0 

13.41 

The  values  of  -w-  are  given  in  the  following  table  :  — 
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858  o-L-. 

797  err. 

1378  gf. 

2206  gr. 

70 

1.70x10'' 

1.88  xio'' 

1.67  X  lo'"' 

1.56  xio"' 

100 

2.05 

2.02 

1.79 

1.64 

200 

2.55 

2.27 

2.00 

1.80 

300 

2.93 

2.42 

2.10 

1.89 

400 

3.23 

2.60 

2.18 

1.92 

500 

3.-54 

2.68 

2.23 

1.97 

From  the  last  table,  we  see  that  the  increase  of  elasticity  under  a 
constant  field  generally  becomes  less  as  the  load  is  increased,  except 
in  weak  fields,  in  which  we  notice  a  maximum  as  in  the  case  of  the 
elons'îition  method.  The  ratio  of -rr  for  wolfram  steel  is  several  times 
greater  than  that  by  the  method  of  elongation.  The  principal  cause  of 
the  discrepancy  may  probably  be  due  to  the  fact  thtit  the  wolfram 
steel  used  in  the  present  experiment  was  magnetically  much  softer 
than  the  specimen  used  in  the  former  experiment,  for  the  latter  was 
hardened  by  stretching.  It  is  a  well  established  fact  that  a 
hardened  iron  or  steel  wire  sutlers  comparatively  small  magnetic 
elongfation  and  that  the  eftect  of  tension  on  the  elongation  is  also 
very  small.  Hence  it  is  to  be  expected  that  the  result  of  the  method 
of  elonsfation  comes  out  to  be  much  smaller  than  that  given  by  the 
present  experiment. 

6.  Steel.  Steel  shows  a  comparatively  small  increase  of  elasticity; 
the  results  of  observation  are  given  in  the  following  table  and 
graphically  drawn  in  F  ig.  5. 
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T- 

=  1005^'r. 

T-- 

=  1918gr. 

■1' 

=  2S30gr. 

H 

ÔS 

H 

ÖS 

H 

ÔS 

11.8 

0.00  X  10  ' 

13.4 

0.09  X  10  '' 

10.3 

0.17xl0'' 

18.8 

0.07 

27.6 

0.43 

19.3 

0.26 

32.2 

0.26 

43.7 

0.95 

33.0 

1.38 

50.5 

0.77 

85.2 

1.89 

47.1 

2.06 

94.7 

1.03 

170.7 

2.58 

85.6 

2.75 

215.6 

1.20 

199.6 

2.49 

205.7 

3.61 

298.5 

1.38 

292.2 

3.05 

275.0 

3.96 

391.6 

1.39 

886.6 

3.27 

398.8 

4.56 

491.1 

1.46 

487.4 

3.44 

498.6 

4.99 

Tliii.s  the  general  diameter  of  the  change  of  depression  is 
similar  to  that  of  soft  iron  ;  but  the  initial  decrease  is  not  observed. 
The  course  of  the  curve  is  much  steeper  than  in  soft  iron  and  wolfram 
steel,  and  less  asymptotic  to  the  axis  of  the  magnetizing  fjrce. 


The  values  of 


JE 


E 


are  given  in  the  followins:  table 


1251gr. 

2184gr. 

3096gi-. 

50 

0.14x10'' 

0.15x10'' 

0.17x10"' 

100 

0.22 

0.25 

0-25 

200 

0.27 

0.33 

0.31 

300 

0.28 

0.37 

0.35 

400 

0.30 

0.40 

0.39 

Thus  the  increase  of  elasticity  under  a  corjstant  üeld  reaches  a 
maximum  with  a  load  of  between  11270  and  2200  "rams.  On  both 
sides  of  the  load,  it  gradually  decreases  as  the  load  is  increased  or 
decreased.  These  results  approximately  agree  with  those  of  wolfram 
steel  obtained  by  the  method  of  elongation. 
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Cohalt.  The  cobult  l)<'ir  av;is  too  thick,  and  the  luaximuin 
deflection  in  the  field  of  the  telescope  was  only  1.5  mm,  so  that  we  can 
not  claim  for  C(3l)alt  the  same  accuracy  as  in  the  case  of  the  other 
specimens.  But  we  notice  a  distinct  increase,  as  shown  in  the 
followino-  tal)le  and  in  Fio-.G. 


T  = 

1005 

Rr 

T  =  -2830gr. 

H 

OS 

ÔE 
E 

H 

OS 

(ÎE 
E 

21.C 

0.00 

X  lo' 

0.00  X 

lö' 

35.1 

0.01  X 

]0 

0.02  X  1Ô' 

53.0 

0.01 

0.06 

70.3 

0.02 

0.04 

180.5 

0.07 

0.47 

195.6 

0.09 

0.21 

313.4 

0.09 

0.58 

312.1 

0.16 

0.37 

455.1 

0.11 

0.76 

455.1 

0.16 

0.37 

For    cobalt,    the    de])ression    due    to    the    suspended    weio;ht    is 
calculated    bv  the    formula,   neg^lectino:  the  weio-ht  of  the  bar  itself; 


1 


T^^ 


12-      ER^  ' 


where  /  and  R  are  the  length  and  the  radius  of  the  bar  respectively. 

Thus  the  character  of  the  change  of  elasticity  in  cobalt  is  much 
the  same  as  that  in  steel. 

7.  Nickel.  As  regards  the  change  of  elasticity  by  magnetization, 
nickel  shows  an  abnormal  behaviour,  as  already  pointed  out  in  the 
case  of  the  method  of  elongation.  The  following  table  and  Fig.7. 
are  the  results  of  observations  :  — 
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T 

=  m   gr. 

T  = 

-270  gr. 

T  = 

=  549  gr. 

T  = 

=  820  gr. 

H 

ds 

H 

OS 

H 

rîs 

H 

OS 

16.4 

—0.15x10' 

10.5 

-0.09  xlö' 

8.4 

-0.09x10* 

10.0 

-0.28xlö' 

24.1 

-0.38 

16.9 

-0,43 

17.5 

-0.98 

16.7 

-1.17 

32.9 

-0.45 

24.8 

-0.67 

29.8 

-1,43 

21.9 

-1.62   ' 

41.8 

-0.55 

34.5 

-1.03 

39.2 

—1.26 

26.4 

-1.75 

67.8 

—0.83 

48.1 

-0.86 

48.9 

-1.08 

39.6 

-1.62 

118.1 

-0.72 

68.2 

—0.79 

85.1 

-0.52 

68.2 

-0.72 

220.0 

—0.46 

171,7 

-0.09 

203.9 

1.43 

117.3 

1.17 

302.4 

-0.17 

240.0 

0.55 

302.4 

2.34 

217.5 

3.18 

386.0 

0.05 

376.0 

1.07 

399.7 

2.79 

377.2 

4.47 

490.8 

0.28 

496.0 

1.46 

490.8 

3.06 

492.1 

4.88 

The  values  of-v^  are  as  follows 
E 


105  gr. 

287  gr. 

561  gr. 

832  gr. 

30 

-1.80xl0~' 

-1.60  xio'' 

-1.30  xio'' 

-1.08xl0''' 

70 

-4.08 

-1.40 

-0.70 

-0.38 

100 

-3.84 

-0.92 

-0.21 

+  0.30 

200 

-2.50 

+  0.46 

+  1.20 

+  1.80 

300 

-0.88 

+  1.47 

+  2.07 

+  2.52 

400 

+  0.42 

+  2.17 

+  2.56 

+  2.83 

500 

+  1.34 

+  2.67 

+  2.84 

+  3.03- 

TliLis,  the  modulus  of  elasticity  considerably  decreases  in  the 
weak  fields  and  increases  in  the  strong.  The  field  of  no  change 
decreases  as  the  load  i.s  increased.  The  cliange  of  depression  also 
increases  with  the  load.  In  weak  fields,  the  rate  of  decrease 
diminishes  as  tlie  load  is  increased  ;  in  strong  fields,  however, 
tlie  contrary  is  the  case. 
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Comparing  the  above  results  with  those  g-iveii  by  the  method  of 
■elongation,  we  n(.)tiœ  tluat  in  the  present  case,  the  field  of  no  chano"e 
l)ecomes  less,  whereas  in  the  former,  it  becomes  greater,  as  the  load 
is  increased,  and  that  the  amount  of  the  change  is  much  less  in  the 
present  case  than  in  the  former.  Our  nickel  rod  was  turned  into  a 
square  rod  from  a  plate,  and  the  meclianical  ])rocess,  which  the 
specimen  underwent,  hardened  its  magnetic  quality.  The  nickel  vvire 
used  in  the  preceding  experiment  was  almost  chemically  pure,  and 
magnetically  softer.  Hence  the  discrepancy  with  regard  1o  the 
amount  of  the  change  may  be  explained  by  the  diiterence  of  the 
specimens  ;  but  the  discrepancy  with  regard  \o  the  field  of  no  change 
can  scarcely  be  explained  by  the  same  fact. 

Tangl's  results  are  much  smaller  than  ours,  and  moreover  he  did 
not  observe  the  decrease  of  elasticity  in  weak  fields,  because  his  initial 
field  was  too  strong  to  give  such  a  decrease. 

Since  nickel  steel  of  suitable  dimensions  for  determinintr  the 
modulus  of  elasticity  by  flexure  was  not  at  our  disposal,  we  could 
not  test  the  result  of  the  method  of  elongation.  But  from  the  above 
results,  we  may  conclude  that  the  chîinge  of  elasticity  by  flexure  does 
not  generally  coincide  with  that  of  elasticity  by  elongation.  As  we 
have  observed,  the  elasticity  is  no  longer  independent  of  the  stress 
applied  to  the  bar  ;  hence  it  is  possible,  and  perhaps  rather  natural,  to 
conclude  that  in  magnetic  fields,  the  elasticity  as  given  by  flexure  is 
different  from  that  given  l)y  elongation. 

In  conclusion,  we  have  to  express  our  best  thanks  to  Prof.  H. 
Nagaoka  and  also  to  Prof.  A.  Tanakadate  for  manv  valuable 
suggestions. 
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Change   of  the   Modulus   of  Rigidity  in   Ferro- 
magnetic Substances  by  Magnetization. 

By 

K.  Honda,  RigakusJii,     S.  Shimizii,  Rigakiishi, 
and 
S.  Kusakabe,  RigakushL 

1.  We  have  already  seen  that  the  change  of  elasticity  hy 
magnetization  i«  not  so  small  as  has  generally  been  admitted.  The 
present  experiment  deals  with  the  change  of  rigidity  by  magnetiza- 
tion. The  investigation  is  especially  important,  inasmuch  as  the 
change  of  rigidity  by  miignetization  is  reciprocally  related  to  that  of 
magnetization  by  torsion. 

In  the  course  of  his  experiments  on  the  mutual  relations  between 
torsion  and  magnetism,  G.  Wiedemann'^  observed  that  the  torsion 
of  an  iron  wire  was  diminished  by  magnetization.  This  shows  an 
increase  of  rigidity.  C.  Inirus"-'  hung  two  identical  iron  wires  in  the 
same  vertical  line,  separated  by  a  rigid  piece  of  brass,  wiiich  carried 
the  index  mirror  ;  to  the  lower  end  of  the  wire,  a  weight  was 
attached.  The  wire  was  twisted  and  then  either  the  upjDcr  or  the 
lower  end  of  the  system  fastened.     If  both  ends  were  twisted  equally 

1)  Wiedemann's  Electricität  III,  796. 

2)  Barus,  Amer.  Jour;  34,  175,  1887  ;  Phy.  Eev.  XIII,  257,  I'JOl. 
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in  opposite  directions,  the  position  of  the  mirror  remained  unchanged. 
A  magnetizing  coil  was  placed  co-axially  witli  tlie  upper  wire.  If 
the  rigidity  of  the  wire  were  changed  by  magnetization,  the  mirror 
would  rotate  in  either  directi(jn.  Barus  found  that  for  soft  iron  and 
steel,  the  change  of  rigidity  was  0.2-1%  and  0.08%  respectively.  In 
his  later  exixiriment,  he  observed  a  change  of  rigidity  amounting  to 
\%  for  soft  iron.  With  a  similar  arrangement,  H.  D.  Day'^  in- 
vestigated the  same  subject  in  iron.  He  found  that  the  change  of 
rigidity  increased  with  the  field,  and  that  it  became  generally  less  as 
tlie  initial  twist  was  increased.  The  maximum  value  obtained  was 
only  0.8%. 

In  the  experiments  of  liarus  and  Day,  the  tensile  stress,  which 
was  found  to  produce  a  n(3table  effect,  would  complicate  the  change  to 
be  sought  for.  Moreover,  the  lower  wire  was  not  perfectly  free  from 
magnetization,  and  the  mirror  would  not  give  the  perfect  differential 
effect. 

The  experiment  of  J.  S.  Stevens-^  for  iron  and  steel  rods  gave 
an  increase  of  rigidity  by  magnetization.  The  change  amounted  to 
'l.''\%  for  soft  imn  and  0.4o%  for  steel  in  a  field  of  lo8  C.G.S. 
units.  It  also  increased  with  the  magnetizing  force.  In  his  ex- 
|)erimenl,  the  length  of  the  magnetizing  coil  was  much  less  than  that 
of  the  rod.  so  that  tlie  magnetization  was  far  from  being  uniform. 

'1.  Our  meth(jd  of  twisting  the  ferromagnetic  rod  was  the  same 
as  that  of  Professor  Nngaoka"'*  used  for  studying  the  elastic  constants 
of  rocks  ;  but  the  sensibility  of  the  apparatus  was  lOG.O  times  greater 
for  the  same  scale-distance. 

The  front  and  side  views  of  the  apparatus  are  given  in  the  an- 
nexed figures.  


1)  Day,  Elcctrioiau,  39.  180,  18'J7. 

2)  J.  S.  bicvoas,  Pliy.  Kfv.  (3)  IQ,  lui,  lÜÜO. 

3)  riiil.  Ma-r.  50,53,  1000. 
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AA  was  .1  stout  wooden  frame  rectangular  in  shape.  ?>]î  were 
the  parts  projecting  from  the  frame  ;  to  the  one,  a,  brass  rod,  to  which 
a  ferromagnetic  rod  was  soldered,  was  clamped  by  means  of  a  screw 
nut  H,  and  to  the  otlier,  a  screw  G,  which  carried  an  agate  cup  in  one 
of  its  extremities,  was  clamped.  F  was  a  (hnible  pulley  whose  axis 
was  a  thick  brass  cylinder  ;  a  point  made  of  nonmagnetic  nickel  steel 
was  iirmly  fixed  to  one  of  its  extremities,  wliile  the  ferromagnetic 
rod  was  soldered  to  the  other,  as  shown  in  tlie  following  figure.     The 

inner  circumference  of 
]      [  r    im%m^  the    pulley    served    to 

twist  the  rod,  and  the 
other  to  multiply  the  sensibility  of  the  apparatus.  C  was  a  mag- 
netizing coil  and  E  a  block  of  wood,  to  which  a  rotating  cylinder  was 
affixed  as  in  the  case  of  the  former  experiment.  A  fine  copper  wire, 
well  annealed  by  passing  through  it  an  electric  current,  was  attached 
to  a  point  on  the  outer  circumference  of  the  pulley  and  went 
vertically    upward    around    it.      The    wire   after  ]>assing    round  the 


d 


4  AKT.  13.-K.  HO\DA,  S.  SHIMIZU  AND  S.  KTJSAKABE  : 

cylinder  was  stretched  hy  u  Aveak  spring-  in  the  usual  way.  The 
deflection  of  tlie  mirror  attached  to  tiie  rotating  cylinder  was  observed 
by  means  of  a  scale  and  telescope.  The  details  of  the  apparatus  will 
be  easily  understood  from  the  above  figures. 

The  dimensions  of  each  jiart  of  our  arrangement  were  as  follows  : — 

Length  of  the  coi I =        oO.O     cm, 

Its  internal  diameter =  o.O       ,, 

1-M     =     .'ÎTO.?       „ 

Outer  radins  of  the  pulley  \  =  8.93     ,, 

Inner      „       „    „       „       J  =  7.15     „ 

Diameter  of  the  rotating  \  =  O.IGO  ,, 

cylinders  )  =  0.280  „ 

Diameter  of  the  copper  wire =  0.008  ,, 

Scale-distance    =      2o0.8       ,, 

If  a  ferromagnetic  rod  is  twisted  tlirougli  a  small  angles,  the 
thin  vertical  wire  is  pulled  down  through  a.  siuali  distance  Iif,  R 
being  the  outer  radius  of  the  ])ulley.  This  causes  an  elongation  of 
the  weak  spring  attached  to  the  copper  wire,  and  consequently  the 
rotating  cylinder,  whose  radius  is  r,  is  turned  through  an  angle  R^/r 
Hence  the  angle  of  torsion  is  magnified  in  the  ratio  R  :  r  ;  in  the 
actual  calculation,  we  must  take  into  account  the  thickness  of  the 
thin  wire.  The  ratio  was  in  our  case  106  :  1  ;  with  this  arrang-e- 
ment,  we  were  able  to  measure  a  change  of  angle  amounting  to  only 
1.92"  X  10~^  per  cm  of  the  ferromagnetic  rod. 

8.  The  measurement  was  conducted  in  the  following  order. 
The  specimen  to  be  tested  was  fixed  in  the  axial  line  of  the  magnetiz- 
ing coil  so  as  to  lie  nearly  in  a  uniform  field.  If  the  steel  pivot  on 
one  end  of  the  bar  carrying  the  specimen  was  left  free,  and  a 
magnetizing  current  passed  through  the  coil,  a  deflection  of  the  mirror 
was  observed,  though  there  was  no  twisting  couj^le.     The  deflection 
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is  evidently  not  due  to  the  twisting  of  tlie  rod,  l)nt  to  its  bending 
by  magnetization.  Tlie  case  corresponds  to  the  experiment  of 
Guillemin  described  in  the  preceding  paper.  Tlie  nature  of  the 
deflection  and  its  amount  coincided  with  the  change  of  elasticity  by 
magnetization,  which  we  have  already  studied. 

The  steel  pivot  was  then  slightly  brought  in  contact  with  the 
agate  cup  ;  if  this  contact  was  made  in  a  suitfible  degree,  the  deflec- 
tion due  to  magnetization,  when  acted  on  by  no  twisting  couple, 
could  be  made  negligibly  small.  In  case  the  deflection  could  not  be 
sufficiently  reduced,  it  was  always  corrected  for.  The  contact  being 
so  adjusted,  a  couple  was  applied  b)^  suspending  a  weight.  The 
tension  of  the  copper  wire  was  next  adjusted  and  the  w^orking  of  the 
apparatus  tested  by  adding  successive!}^  weights  of  1,  10,  50  grams  to 
the  pan.  If  the  deflections  of  the  mirror  were  proportional,  the 
adjustment  was  considered  to  be  correct. 

To  begin  with,  the  ferromagnetic  rod  was  demagnetized  by 
reversals,  and  then  a  current  passed,  taking  tlie  deflection  as  soon  as 
possible.  These  processes  were  repeated  with  successively  increasing 
currents.  In  order  to  prevent  minute  oscillations  of  the  mirror,  the 
thin  copper  ware  and  the  mirror  should  be  protected  from  the  air 
currents. 

The  resistance  of  the  magnetizing  coil  was  only  0.6  i?,  so  that  the 
heating  of  the  core  due  to  current  was  negligibly  small  up  to  the 
strongest  current  used  in  the  present  experiment,  and  the  creeping  of 
the  imao^e  of  the  scale  was  not  at  all  observed.  But  we  were  careful 
to  read  the  deflection  as  quickly  as  possible. 

Since  the  couples  corresponding  to  1,  10,  50  grams  produced 
torsions  proportional  to  their  respective  weights,  the  friction  at  the 
pivot  did  not  seem  to  disturb  our  results.  That  the  observed  deflec- 
tion was  really  due  to  a  rotation,  but  not  t()  the  depression  or  eleva- 
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tioii  of  tlu'  jHillcy,  W'is  veritinl  in  tlu'  iollowinn;  w;iy.  Tlu'  fmo 
copper  uii-e  was  fixed  1o  the  uxial  line  of  the  pulley  and  the 
depression  or  elevation  of  the  axis  itself  due  to  magnetization  of  the 
ferroma.unetie  rod  was  observed  liy  means  of  a  rotating  cylinder 
carrying  a  mirror.  A  minute  deflection  amounting  to  only  a  fraction 
of  a  millimeter  was  noticed,  whereas  the  deflection  was  several  centi- 
meters when  the  copper  wire  was  fixed  to  a  point  on  the  circum- 
ference of  the  pulley.  Hence  the  actual  depression  or  elevation  of  the 
axis,  if  any,  was  negligibly  small. 

The  samples  to  be  tested  were  the  same  as  those  used  in  the 
former  experiment,  except  in  the  case  of  the  nickel  rod. 

In  the  present  experiment,  the  length  of  each  rod  was  reduced  to 
22  cm,  and  the  diameter  of  the  cobalt  bar  also  to  1.082  cm.  The 
nickel  rod,  used  in  the  former  experiment  was  turned  into  a  square 
rod  from  a  plate,  and  the  mechanical  process,  which  tlie  sj:>ecimen 
underwent,  hardened  it  in  magnetic  quality.  Moreover  the  nickel 
was  not  sufficiently  thick  for  the  torsion  experiment,  so  that  another 
nickel  bar,  tlie  diameter  of  which  was  1.117  cm,  was  substituted  for  it. 
The  new  specimen  was  turned  into  a  cylindrical  form  from  a  thick 
bar,  and  was  magnetically  much  softer. 

Our  a})paratus  was  not  suited  for  the  absolute  measurement  of  the 
modulus  of  rigidity  and  therefore  its  determination  was,  in  the  usual 
manner,  carried  on  with  Professor  Nagaoka's  apparatus  above  referred 
to.     The  results  were  : 


Metal 

Soft  iron 

Steel 

Wolfram  steel 

Nickel 

Cobalt 

Rigidity 

7.92  X  10" 

7.81)  X  10" 

8.57x10" 

7.41x10" 

6.04  X  10" 

4.     Soft   iron.     The  rigidity  of  soft  iron  is  always  increased  by 
mao-netization,  as  will  be  seen  fi-om  the  following  table  and  Fig.  1. 

n  7  C~)  CD 
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SOFT  IRON. 


N  =  7.89xl06 
t)  =  22".n 

N  =  U.3(; 
^=40".21 

N=20.8 

^=5e 

7  X  106 

(".45 

N  =  27.48x1 06 
^=7ß".ytj 

N  =  33.9' 
^  =  95 

;X106 
".13 

H 

ÔÔ"X103 

H 

5ff"xlO» 

H  ë 

e'  X 10^ 

H   ( 

59"XI0S 

H   f^ 

9"  X  10» 

7.5 

4 

7.3 

14 

7.3 

15 

7.3 

23 

7.3 

25 

1].0 

11 

11. 1 

25 

11.1 

38 

11.1 

50 

11.1 

50 

17.2 

34 

17.0 

58 

17.2 

84 

17.0 

105 

17.0 

119 

29.6 

61 

28.6 

123 

29.4 

186 

28.6 

218 

28.6 

260 

57.4 

117 

55.5 

224 

56.8 

329 

54.3 

406 

55.8 

481 

99.2 

159 

92.4 

299 

98.4 

446 

92.4 

550 

96.4 

661 

189.9 

193 

187.8 

379 

171.0 

530 

169.9 

676 

169.9 

783 

295.4 

214 

284.7 

423 

295.4 

603 

295.4 

776 

295.4 

908 

542.9 

230 

442.9 

456 

542.9 

649 

438.3 

843 

443.0 

994 

587.5 

247 

587.5 

477 

585.3 

680 

580.9 

887 

583.1 

1054 

802.9 

257 

802.9 

500 

802.9 

711 

800.5 

923 

805.1 

1095 

Here  N  denotes  the  moment  of  force  expressed  in  C.G.S.  units,  O" 
the  angle  of  torsion  per  cm  corresponding  to  the  moment,  as  calculated 
from  the  rigidity,  and  o>:f"  the  observed  change  of  torsion  due  to 
Diagnetization,  given  in  seconds  of  arc.  oä  is  taken  positive  when  the 
chano'e  of  twist  indicates  an  increase  of  ri":idity  and  taken  nesfative 
when  it  indicates  a  decrease.     H  is  the  effective  fjrce  (=H^— IN). 

Thus,  the  untwisting  of  the  rod  always  increases  with  magnetiza- 
tion, its  amount  increasing  in  the  same  way  that  the  intensity  of 
mao-netization  is  related  to  mao-netizin£''  force.  As  the  moment  of 
force  increases,  the  amount  of  untwisting  increases  proportionally,  so, 
that  the  change  of  rigidity  is  fairly  independent  of  the  twisting  couple 
for  all  magnetizing  iields.  The  form  of  the  curves  is  similar  to  that 
of  the  curves  of  depression  in  the  former  experiment,  except  in  very 
weak  fields.  In  the  present  case,  the  initial  minute  depression  of  the 
curves  was  not  observed. 
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From  the  angle  of  torsion  and  its  change,  we  calculated  the 
rntu)  of  tiie  change  (dK)  to  the  rigidity  (A')  itself.  The  ratio  is 
fairly  indei)endent  of  the  twisting  couple  for  all  helds  ;  in  the 
following  table,  mean  values  for  the  different  couples  are  given. 


H 

20 

60 

100 

200 

400 

600 

800 

K 

0.001  y 

0.0058 

0.0076 

0.0096 

0.01 10 

0.0118 

0.0122 

These  values  are  also  plotted  against  the  magnetizing  force  in 
Fig.  2  ;  the  course  of  the  curve  resembles  that  of  magnetization, 
having  one  inflexion  point  and  approaching  to  an  asymptotic  value  as 
the  field  is  increased. 

The  untwisting  by  magnetization  forms  a  reciprocal  relation  to 
the  well  known  fact  that  the  magnetization  of  iron  decreases  by 
twisting. 

The  above  results  for  soft  iron  agree  in  (piality  witli  those  of 
previous  experimenters,  and  the  ain(junt  of  the  change  nearly  coincides 
with  some  of  lîarus'  results.  In  the  experiment  of  Day,  the  change 
of  rigidity  was  a  little  smaller  than  in  the  present  case,  and  was 
greatly  influenced  by  the  amount  c^f  the  twisting  couple  in  contradic- 
tion to  our  results.  Stevens'  ex])eriment  gave  a  much  greater  increase 
of  rigidity. 

Wolfram  slecL  As  we  have  already  found  the  change  of  elasticity 
in  wolfram  steel  due  to  magnetization  is  nearly  the  same  as  that  of 
soft  iron  both  in  quality  and  in  t^uantit}'.  This  remark  also  applies 
to  the  present  case,  so  that  what  we  havci  said  about  the  change  of 
rigidity  in  soft  iron  equally  applies  to  the  case  of  Avolfram  steel. 

This  will  be  seen  from  the  following  tables  and  F'ifjs.  3  and  2  : 


CHANGE  OF  EIGIDI'J'Y  BY  MAGNETIZATION. 


N  =  7.89  XI 06 
tj=lii."ö8 

N=  14.3(3x106 

/^  =  3()."17 

N  =  20.8 

7X106 

."85 

N  =  27.48X106 
^/  =  57."74 

N=33.9( 

/y=7i. 

iXl(G 

'37 

H 

îe'xios 

H      « 

îe'xiQs 

H       t 

>"X10» 

H       , 

5e" X 103 

H       ô 

e"xios 

15.3 

6 

15.3 

21 

15.4 

31 

15.3 

27 

15.4 

33 

19.2 

27 

19.1 

62 

19.1 

85 

19.1 

88 

19.2 

121 

23.6 

60 

22.7 

108 

23.6 

163 

23.5 

188 

23.6 

223 

35.1 

90 

33.1 

167 

33.1 

240 

34.9 

267 

35.2 

348 

55.0 

115 

54.6 

206 

54.6 

289 

54.5 

360 

54.8 

441 

92.1 

138 

91.1 

246 

91.1 

354 

90.3 

446 

92.1 

546 

169.5 

156 

169.5 

294 

169.5 

414 

169.5 

529 

169.5 

658 

290.1 

175 

291.0 

321 

289.5 

456 

289.1 

596 

289.1 

731 

437.6 

183 

436.9 

342 

436.9 

490 

434.1 

631 

429.8 

783 

579.1 

194 

579.1 

356 

579.1 

510 

576.9 

664 

574.6 

818 

785.6 

200 

787.8 

375 

785.6 

533 

783.6 

702 

783.4 

864 

H 

20 

60 

100 

200 

400 

600 

800 

K 

0.0015 

0.(J073 

0,0085 

0.0098 

0.0110 

0.0116 

0.0122 

5.  Steel.  We  have  seen  that  in  steel,  the  change  of  elasticity  by 
magnetization  is  much  smaller  than  in  soft  iron.  So,  in  the  case  of 
rigidity,  we  also  observe  a  comparatively  small  increase.  The  fol- 
lowinof  table  contains  the  results  of  our  observations  :  — 


N  =7.89X106 
^y=20."82 

N  =  14.36X106 

^  =  37."88 

N  =  20.87X106 
^=55."05 

N  =  27.48X106 
^  =  72."5Ü 

N  =  33. 9(5X106 

^=89."t;o 

H       Ô0 

"  X  10:-i 

H       öö"X10» 

H       Ôo"xl03 

H       (3ö"xl03 

H       oö"Xl03 

14.6 

1 

14.4 

5 

14.4 

10 

14.4       10 

14.6 

17 

28.6 

10 

28.6 

27 

28.6 

38 

29.0       60 

30.4 

77 

70.9 

25 

70.9 

58 

71.5 

83 

70.7     117 

65.2 

148 

189.7 

40 

190.6 

87 

189.7 

133 

187.9     181 

187.9 

223 

307.6 

46 

307-6 

100 

304.5 

160 

304.5     214 

305.5 

256 

448.5 

52 

448.5 

112 

450.7 

179 

444.1     229 

448.4 

283 

590.5 

60 

583.4 

121 

590.5 

188 

588.4     246 

588.4 

302 

794.2 

63 

794.2 

129 

792.0 

206 

792.0     262 

794.;-^ 

321 

10 
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These  numbers  are  graphically  sliown  in  Fiu'.  i.  We  see  tlmt 
the  form  of  the  curves  is  much  less  steep  tluiii  in  those  for  soft  iron 
or  wolfram  steel. 

Here  again,  tlie  change  of  rigidity  is  independent  of  the  applied 
couple;  the  values  of —,.- for  ditt'erent  fields  are  given  in  the  fol- 
lowinii'  table  and  in  Fi"-.  2  :  — 


H 

60 

200 

400 

GOO 

800 

JA' 
A 

0.0013 

0.0022 

0.0029 

0.0082 

0.0035 

The  results  of  the  previous  experimenters  fairly  agree  with  those 
of  the  present  case.  The  reciprocal  relation  between  torsion  and 
magnetism  also  holds  for  steel. 

Cobalt.  As  in  the  case  of  steel,  the  effect  of  magnetization  upon 
the  rigidity  (^f  a  cobalt  bar  is  very  small.  The  rigidity  always 
increases  by  magnetization,  as  shown  in  the  following  tables  and 
Fiofs.  5  and  2  : — 


N  =  U.36X10G 
^  =  36."iG 

N  =  27 

.48  X  10« 
69."78 

N  =  40.48xl(6 
^  =  102."70 

H 

()e"xi03 

H 

Öo"Xl03 

H 

ôa"XlO^ 

46.4 

3 

46.4 

7 

46.4 

11 

96.3 

17 

106.3 

38 

106.0 

60 

217.9 

46 

209.2 

90 

210.2 

142 

828.9 

69 

330.9 

133 

330.9 

190 

470.7 

81 

472.8 

163 

474.9 

233 

609.2 

96 

611.5 

189 

611.5 

269 

808.2 

106 

820.4 

214 

820.4 

317 

H 


100 


200 


400 


600 


800 


ovr 


0.0005 


0.0012 


0.0021 


0.0028 


0.0031 


CHANGE  OF  RIGIDITY  BY  MAGNETIZATION.  H 

Thus  the  course  of  the  curves  is  less  steep  in  cobalt  than  in 
steel  ;  the  inflexion  point  is  not  so  marked  in  the  former  metal  as  in 
the  latter.  The  change  of  rigidity  is  also  independent  of  the  applied 
couple. 

So  far  as  we  are  aware,  the  eifect  of  torsion  on  the  magnetization 
of  cobalt  has  not  yet  been  studied,  on  account  of  the  difiiculty  of 
getting  the  specimen  in  the  forui  of  a  wire.  But  if  the  reciprocal 
relation  holds  in  the  case  of  cobalt,  the  above  results  show  that  the 
effect  of  torsion  on  the  magnetization  of  cobalt  is  the  same  as  in  iron. 
We  have  seen  from  the  experiment  of  Professor  Nagaoka  and  one 
of  us  that  the  character  of  cast  cobalt  ns  reofards  mairnetostriction  is 
remarkably  different  from  that  of  annealed  cobalt.  The  cobalt  in  the 
present  experiment  was  well  annealed,  ho  that  the  above  inference  is 
to  be  restricted  to  an  annealed  cobalt. 

6.  Nickel.  The  chancre  of  ris'iditv  of  the  nickel  bar  was  so  laro;e 
that  it  was  necessary  to  reduce  the  sensibility  of  the  apparatus  by 
using  a  rotating  cylinder  of  greater  diameter.  As  in  the  case  of 
elasticity,  we  again  observe  in  the  metal  the  singular  phenomencjn 
that  the  chanofe  of  torsion  bv  mao-netizaticjn  alters  its  siö-n  as  the 
mao'netizins'  force  is  increased.  Tlie  foUowinof  table  contains  the 
results  of  the  observation,  which  are  also  drawn  in  Fig.  (5. 
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N=  4.65X106 
/y  =  8."47 

N-7. 

S'Jxloe 
14."37 

N  =  11.09X1Û6 

//=20."iy 

X=  14.36  X  106 
^  =  2i)."14 

N  =  17.56X106 
=  31."9'.i 

H 

J*"X103 

H 

<5ö"xl03 

H 

oü'XlO« 

H 

öö'XlO» 

H 

o(/"XlO'^ 

11.5 

—     3 

11.4 

—  15 

11.7 

—  30 

11.4 

—  59 

11.4 

—  69 

14.8 

—  33 

14.6 

—  69 

14.6 

—102 

14.6 

—157 

14.6 

—177 

24.5 

—108 

24.5 

—190 

24.5 

—272 

24.5 

—351 

24.5 

—433 

39.1 

-144 

39.0 

—242 

39.0 

—347 

38.7 

—433 

38.0 

—534 

62.8 

—102 

62.7 

—167 

61.1 

—256 

61.8 

—328 

61.5 

—406 

•)6.1 

—     7 

96.1 

—  10 

95.3 

—  33 

94.2 

—  39 

94.2 

—  49 

140.5 

102 

139.5 

177 

137.8 

252 

138.9 

315 

138.4 

374 

229.3 

262 

223.9 

452 

226.1 

645 

226.6 

822 

244.8 

1088 

354.1 

419 

352.3 

721 

349.1 

996 

350.1 

1274 

349.1 

1543 

504.5 

528 

475.3 

888 

500.2 

12<^8 

504.7 

1612 

502.3 

1946 

649.6 

596 

649.1 

1019 

645.2 

1415 

649.7 

1808 

645.2 

2214 

867.1 

655 

867.1 

1120 

862.6 

1566 

864.8 

1998 

864.8 

2447 

Thu.s  ill  weak  fields,  the  deflection  shows  ii  farther  twisting  of 
the  nickel,  that  is,  a  decrease  of  rigidity.  This  decrease  reaches  a 
maximum  as  the  field  becomes  stronger  ;  it  then  begins  to  decrease, 
and  in  a  field  of  about  100  C.G.S.  units,  the  rigidity  returns  toits 
original  value.  When  the  field  is  farther  increased,  the  rigidity 
rapidly  increases,  and  after  passing  an  infiexion  point,  its  rate  of 
increase  becomes  gradually  less.  Thus  the  character  of  the  change  is 
quite  analogous  to  that  of  the  change  of  elasticity. 

In  a  iriven  field,  the  amount  of  torsion  or  detorsion  due  to 
magnetization  is  proportional  to  the  applied  couple,  so  that  the 
change  of  rigidity  is  independent  of  the  C(3iiple  for  all  magnetizing 
fields.  It  is  als»)  a  proof  of  the  fact  that  the  curves  corresponding  to 
different  couj)les  pass  through  a  point  on  the  axis  of  the  field.  The 
ratio  of  the  cliani>e  t(j  the  modulus  itself  for  different  fields  are  "'iven 
in  the  followinu'  table  and  in  Vvs.  2  : — 


CHANGE  OF  RIGIDITY  BY  MAGNETIZATION. 
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H 

20 

40 

80 

100 

200 

400 

800 

dK 
A 

—0.0096 

—0.0168 

—0.0067 

0.0012 

0.0263 

0.0532 

0.0748 

Thus  ill  nickel,  the  ratio  is  rather  large  compared  with  other 
ierroiiKiuneties.  In  the  former  experiment,  the  change  of  elasticity 
of  tlio  same  metal,  even  in  a  liardened  state,  was  rather  large.  If  we 
should  study  the  change  of  elasticity  with  the  present  sample,  pro- 
])orti()iialIy  large  changes  would  be  observed.  That  this  inference  is 
])rol)al)Iy  correct,  may  be  seen  from  the  results  of  the  method  of 
elongation  ;  in  this  case,  a  well  annealed  nickel  wire  was  examined, 
;uid  a  large  change  of  elasticity  amounting  to  about  6  %  was 
ol)tained. 

Accordino-  to  Professor  Nao-aoka'^  and  Zehnder^^  the  mag'netiz- 
ation  of  nickel  increases  by  twisting  in  weak  fields  ;  in  strong  fields, 
however,  it  diminishes  by  twisting.  These  results  are  reciprocally 
related  to  ours. 

The  change  of  torsion  thus  fîxr  described  for  iron,  steel,  cobalt 
and  nickel  is  independent  of  the  direction  of  the  magnetizing  force. 

From  the  above  result,  we  may  conclude  that  in  ferromagnetic 
substances,  which  undergo  a  large  change  of  elasticity,  there  is  also  a 
proportionally  large  change  of  rigidity,  and  that  the  natures  of  their 
changes  are  parallel  to  each  other. 

7.  In  comparing  the  change  of  rigidity  by  magnetization  with 
that  of  elasticity,  we  observe  the  one  marked  ditference  that  the 
change  of  rigidity  is  independent  of  the  applied  stress,  while  that  of 
the  elasticity  is  largely  inttuenced  by  it,  especially  in  small  stress. 
Hence  it  may  be  suspected  that  the  observed  change  of  elasticity  may 


1)  Nagaoka.  Jour.  Coll.  Sei.,  Tokyo  2,  30i,  1888  ;  3,  189,  1889- 

2)  Zehnder,  Wiecl.  Ann.  41,  210,  1890. 
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coiituiii  Lcnn.s,  which  can  ikjI  pnjpci-ly  he  rijusidcred  as  the  chaugc  oi" 
elasticity,  ff  this  be  the  case,  tlie  change  of  elasticity  by  magnetization 
is  only  apparent. 

In  conclusion,  it  inay  l)e  noted  that  the  reci])rocal  relations 
between  torsion  and  magnetism,  as  ionnd  ])y  a<,'tual  ex])eTiments,  Avill  l)e 
loiind  t«)  be  nl"  parainounl  inipoi'tanee  in  llie  tlieorv  oi"  magnetosti'ietion. 
We  may  conveniently  place  the  results  of  our  ex])eriments  in  the  fol- 
lowing statements  parallel  Avith  those  of  ])i-evioiis  investigators  :  — 


MAGNETIZATION    TO   TWLST. 


TWIST    TO    MAGNETIZATION. 


((')  The  torsion  of  iron  do- 
creases  in  all  niai;iietizin,u' 
fields. 


(/>')    The    torsion    of     nickel    in- 
creases in  weak  fields. 

((;  )    The   torsion   (jf    nickel    de- 
creases in  stroim  fields. 


(a)     The  magnetization    of  iron 

decreases  by  twisting  for  nil 

magnetizing  fields. 
(/>)     The  magnetization  of  nickel 

increases  by  twisting  in  weak 

fields. 

((•)  The  magnetizatioji  of  niclad 
decreases  by  twisting  in 
strong  fields. 

A  similar  reciprocal  relation  would  probably  exist  in  the  case  of 
cobalt.  The  actual  verification  of  the  relation  will  he  undertaken  in 
the  near  future. 

We  have  to  express  our  cordial  thaidvs  to  Professors  II.  Nagaoka, 
and  A.  Tanakadate  for  valuable  suggestions  in  the  carrying  out  of 
the  jiresent  experiment. 
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The  Wiedemann  Effect  in  Ferromagnetic 
Substances. 

By 

K.  Honda,  Rigakushi  aiid  S.  Shimizu,  Bigakushi. 


With  Plates  I-III. 


The  Wiedenuinn  etfect  in  iron  and  nickel  is  so  well  known  that 
it  is  superÜiious  to  enter  into  the  details  of  the  phenomenon.  The 
experiments  by  Gr.  Wiedemann,'^  C.  G.  Knott," ^  Professor  Nagaoka 
and  one  of  our  members'^^  show  that  so  long  as  the  longitudinal  field  is 
not  strong,  the  direction  of  twist  in  iron  coincides  with  that  of  a 
circular  field,  if  this  direction  is  right-handedly  related  to  that  of  the 
longitudinal  field  ;  they  also  show  that  in  nickel  the  direction  of 
twist  is  opposite  to  that  of  iron.  In  strong  field,  however,  the  direc- 
tion of  twist  in  iron  is  reversed,  so  that  iron  and  nickel  are  twisted 
in  the  same  direction.  The  direction  of  twist  is  reversed,  when  one 
of  the  circular  and  longitudinal  fields  changes  its  direction.  AYiede- 
mann  effect  in  nickel  steels  of  diff'erent  percentages  was  recently 
studied  by  Professor  Nagaoka  and  one  of  our  members,  and  it  was 
found  that  the  direction  of  twist  was  the  same  as  that  of  iron.  The 
effect  of  tension   on   the  Wiedemann   eff'ect   in   iron   and   nickel   was 

1)  G.  Wiedemann,  Pogj?.  Ann.  103,  571,  1858  ;  106,   ll'>l,  1859  ;  Electricitiit  III,  797. 

2)  Knott,  Trans.  Roy.  Soc.  Edinb..  32  (1),  193,  1882/8.3  ;  35  (2),  377,  1889  ;  33  (2),  d85,  1891. 

3)  Nagaoka  and  Honda,  Jour  of  Coll.  of  Sei..  XIII,  263,  1900. 


2  ART.  14.— K.  HOXDA  AND  S.  SHIMIZÜ  : 

examined  by  C.  O.  Knott  who  found  tliat  the  tension  diminished  the 
angle  of  twist  in  these  metals. 

Tlie  present  paper  consists  of  two  parts  :  firstly  we  deal  with  the 
influence  of  tension  on  the  Wiedemann  effect  in  nickel  steels,  and 
secondly  with  the  same  effect  in  ferromagnetic  bars  and  the  effect  of 
torque  on  it.  AVe  lately  published  a  paper  relating  to  the  effect  of 
tension  on  the  mao;netic  chansre  of  leng'th  ;  in  this  we  found  that  the 
magnetic  elongation  of  nickel  steels  is  largely  affected  by  tension,  and 
that  when  the  tension  exceeds  a  certain  value,  the  contraction  is 
accompanied  by  magnetization.  From  Maxwell  and  Crystal's  ex- 
planation as  well  as  from  that  of  Kirchhoft' for  the  Wiedemann  effect, 
it  seems  probable  that  the  direction  of  twist  in  nickel  steels  is  reversed, 
when  the  suspended  weight  exceeds  the  said  limit.  We  therefore 
studied  this  point  particularly  and  found  that  the  above  inference  is 
not  correct. 

So  far  as  we  are  aware,  AYiedemann  effect  m  cobalt  has  not  yet 
been  studied,  perhaps  because  it  is  difficult  to  obtain  a  specimen  in 
the  form  of  a  wire  on  account  of  its  brittleness.  It  was  therefore 
desirable  to  have  an  experiment  for  the  metal.  Our  apparatus  used 
in  studying  the  change  of  rigidity  by  magnetization  was  conveniently 
used  for  examininfr  the  Wiedemann  effect  of  ferromao^netic  bars.  We 
had  two  cobalt  bars,  one  in  the  cast  state  and  the  other  in  the  annealed. 
The  observations  showed  that  the  torsion  in  cobalt  was  opposite  to 
that  of  iron,  as  was  to  be  expected  from  the  change  in  length  by 
magnetization. 
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We  tested  8  different  samples  shown  in  the  following  tahle  : 


Metal. 

Length. 

Diameter. 

45%  nickel  stael         

20.80  cm. 

0.0956  cm. 

»»         >»         "            

20.90 

0.0516 

35%  nickel  steel         

20.92 

0.0939 

>)         >)         )>            •  •  •      •  •  •      •  •  ■ 

20.96 

0.0509 

Soft  iron  bar       

21.03 

1.004 

Nickel  bar 

21.00 

1.117 

Cast  cobalt  bar 

21.00 

1.038 

Ann.  cobalt  bar 

21.00 

1.082 

Our  arrangement  for  studying  the  Wiedemann  effect  in  nickel 
steel  wires  was  the  same  as  that  used  by  Professor  Nagaoka  and  one 
of  our  members  in  the  experiment  described  in  the  paper  above 
referred  to. 

To  the  extremities  of  a  nickel  steel  wire  21cm.  long  were  brazed 
stout  brass  wires,  and  a  light  mirror  was  attached  to  the  lower  brass 
wdre.  The  upper  wire  was  clamped  to  a  small  tripod,  wdiich  rested 
on  the  top  of  a  magnetizing  coil  provided  with  hole,  slot,  and  plane 
arrangfement.  One  end  of  the  accumulator  was  connected  with  the 
tripod,  while  the  other  was  led  to  the  mercury  pool  i)laced  under  the 
suspended  wire.  The  wire  hung  vertically  in  the  axial  line  of  the 
coil,  which  was  30cm.  long  :ind  gave  a  field  of  37.97  C.G.S.  units  at 
the  center  by  passing  a  current  of  one  ampere.  The  vertical  compo- 
nent of  the  terrestrial  magnetic  field  was  compensated  by  placing 
another  coil  in  the  interior  of  the  magnetizing  coil.  The  twist  was 
measured  by  scale  and  telescope,  by  which  a  torsion  of  0.2"  per  cm. 
w^as  easilv  read. 
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The  prelimiiJîiry  experiment  showed  that  the  resistance  to  the 
twist  ottered  hy  the  mercury  in  tlie  jiool  was  not  negb'gibly  small, 
when  tlic  thick  brass  wire  was  dipped  into  the  mercnry.  The  resis- 
tance was  especially  noticeable,  wdien  the  brass  wire  carried  a  narrow 
rectano-ular  piece  for  the  purpose  of  damping.  Hence  in  order  to 
efface  the  resistance,  a  non-magnetic  nickel  steel  wire  0.5mm.  thick 
and  5cm.  long  was  soldered  to  the  lower  end  of  the  brass  wire  and 
dipped  into  the  mercury  pool,  liy  this,  the  damping  of  the  torsional 
oscillation  was  rendered  very  small,  especially  in  the  case  when  a 
weio"ht  was  attached.     To  stop  the  oscillation,  a  brass  wire  was  fixed 

horizontally  to  the  vertical  wire  and 
bent  downward  as  shown  in  the 
annexed  figure.  Just  below  it,  a 
small  mercury  cup  was  placed  ;  this 
(jup  was  connected  with  a  large  one 
by  a  caoutchouc  tube.  This  large 
cup  was  placed  near  the  observers  and 
could  be  raised  or  lowered  by  means 
of  a  screw  adjustment.  This  motion 
caused  the  mercury  in  the  small  cup 
to  be  raised  or  lowered,  so  that  the 
side  wire  dipped  into  the  mercury, 
<:)r  hung  free.  When  we  wished  to 
stoj)  the  oscillation  of  the  wire,  the 
side  wire  was  dipped  into  the  mercury  in  the  small  cup  ;  while  the 
reading  was  always  taken  with  the  wire  hanging  free  of  the  mercury. 
The  experiment  was  conducted  in  the  following  manner:  — 

1.  The  circularly  magnetizing  current  Avas  kept  constant, 
and  the  amount  of  twist  measured  bv  varvinçr  the 
lono-itudiiiallv  mannetizins'  current. 
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2.  The  wire  was  then  stretched  by  different  loads  and  the 
above  processes  were  rej^eated. 

3.  The  longitudinally  magnetizing-  current  was  kept 
constant,  and  the  amount  of  twist  measured  by  varying 
the  circularly  magnetizing  current. 

Before  each  experiment  care  was  taken  to  demagnetize  the  wire 
completely  either  longitudinally  or  circularly  by  passing  an  alternate 
current  of  gradually  diminishing  intensity.  This  was  found  absolutely 
necessary  to  secure  correct  results. 

Twist  hi/  varying  the  loiigitmliiial  field.  If  the  direction  of  the 
longitudinal  field  is  right-handedly  related  to  that  of  the  circular  field, 
nickel  steel  is  twisted  in  the  direction  of  the  latter.  As  shown  in 
Figs.  1  and  2,  under  a  given  circular  field,  the  amount  of  twist  at 
first  increases  till  it  reaches  a  maximum,  after  which  it  gradually 
diminishes.  But  the  reversal  of  the  twist  is  never  observed,  thousfh 
the  field  exceeds  1200  C.Ct.S.  units.  The  position  of  the  maximum 
twist  is  slightly  displaced  in  high  fields  as  the  longitudinal  current 
increases.  The  amount  of  twist  is  greater  in  45%  nickel  steel  than 
in  Sd%  nickel  steel.  Some  observed  readings  are  given  in  the  follow- 
ing tables  :  — 


AKT.  U.— k'.  HONDA  AND  S.  SHIMIZU 


45%  iiickol  stoel. 


C=0.95 

amp. 

C=1.93 

amp. 

C=3.00 

amp. 

H 

d 

H 

6 

H 

6 

0.2 

2.2" 

0.2 

3.6" 

0.2 

3.7" 

3.6 

21.7 

2.0 

20.6 

4.5 

41.6 

9.3 

27.0 

0.7 

43.2 

6.9 

54.8 

17.3 

25.3 

11.5 

47.7 

19.7 

66.4 

32.0 

19.9 

31.7 

39.8 

33.0 

57.8 

51.2 

15.3 

51.3 

31.1 

51.7 

45.5 

89.2 

9.9 

89.6 

20.3 

91.3 

29.9 

158 

5.5 

158 

12.2 

163 

17.7 

277 

2.5 

283 

7.3 

296 

9.9 

462 

1.4 

462 

4.1 

.   496 

5.9 

655 

0.3 

655 

2.8 

727 

3.7 

35%  nickel  steel 


c=o. 

76  amp. 

6'=  1.59 

amp. 

C  =  3.09 

amp. 

H 

d 

H 

d 

H 

d 

0.3 

1.8" 

0.3 

2.2" 

0.3 

2.9" 

1.9 

5.8 

0.8 

4.9 

1.8 

14.5 

5.0 

11.8 

3.0 

15.3 

5.0 

31.4 

10.0 

14.9 

9.6 

27.6 

10.7 

40.8 

25.5 

12.3 

20.9 

25.1 

17.6 

41.2 

38.6 

9.8 

30.3 

21.2 

28.7 

32.0 

51.4 

8.0 

51.3 

14.7 

51.3 

22.0 

89.6 

5.1 

102.8 

8.2 

102.8 

12.7 

183 

2.6 

204 

4.3 

205 

7.3 

352 

1.6 

448 

2.1 

448 

3.9 

619 

0.9 

668 

1.7 

668 

2.9 
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Here  C  denotes  the  current  per  squai'e  niiJlimeter,  H  the  external 
field  and  ä  the  angle  of  twist  per  centimeter.  In  the  experiment 
above  cited,  Professor  Nagaoka  and  one  of  us  observed  in  some  cases 
the  reversîd  of  the  direction  of  twist  in  45%  nickel  steel  ;  but  in 
the  present  experiment,  we  did  not  notice  this  reversal  of  twist. 

Tlie  efect  of  tension.  The  etfect  of  tension  on  twist  in  nickel 
steels  is  not  so  marked  as  that  of  tension  on  the  maofnetic  chancre  of 
length  in  the  same  metal.  As  seen  from  Figs.  3  and  4,  the  tension 
alw;ivs  diminislies  the  amount  of  twist:  the  diminution  is  larofe  in 
weak  fields  and  l)ecomes  gradually  less  as  the  field  is  increased,  till  it 
becomes  insensibly  small.  The  diminution  is  approximately  propor- 
tional to  the  applied  tension. 

To  test  the  elfect  of  heavy  loading,  thin  wires  about  |mm.  thick 
were  examined.  Even  by  a  tension  in  which  contraction  occurs  by 
magnetization,  the  direction  of  torsion  in  nickel  steels  is  not  reversed, 
though  the  amount  of  the  maximum  twist  is  reduced  to  about  ^  or  i 
its  value  corresponding  to  no  tension,  as  seen  from  Figs.  5  and  6. 

Whichever  theory  we  adopt,  whether  Maxwell's  or  Kirchhofes, 
the  direction  of  twist  is  principally  determined  by  the  sign  of  the 
quantity  SÀ—a^  where  ^^  and  ö"  are  respectively  the  length-  and  the 
volume -chanofe  of  the  ferromaofnetics.  When  there  is  no  tension 
acting  (311  the  wire,  the  sign  of  SX— a  must  be  positive,  because  the 
direction  of  twist  in  the  alloy  is  the  same  as  that  of  iron.  By  applying 
a  heavy  load,  the  contraction  is  accompanied  by  magnetization  so  that 
X  is  negative.  Hence  in  order  that  S?.  —  <7  should  be  positive,  <t  must 
necessarily  be  negative  under  heavy  loading  ;  that  is,  the  ch;mge  of 
volume  by  magnetization  must  change  its  sign  from  positive  to 
negative,  as  the  load  is  increased. 
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Twist  hl/  rurij'uui  the  ciirulur  fidd.  In  Figs.  7  and  S,  we  notice 
that  under  a  constant  longitudinal  Hold,  the  angle  of  twist  at  first 
increases  at  a  constant  rate,  l)iit  later  at  a  gradually  diminishing  rate. 
As  the  longitudinal  field  is  increased,  the  curves  approximate  to  right 
lines,  a  result  which  is  tu  he  expected  from  Kirchhoff's  theory  of 
magnetostriction.  For  according  to  the  theory,  if  the  circular  field  is 
small  compared  with  the  longitudinal  field,  the  amount  of  twist  for  a 
given  longitudinal  field  is  proportional  to  the  longitudinal  current. 
The  amount  of  twist  is  greater  in  \b%  nickel  steel  than  in  o5% 
nickel  steel. 

From  Figs  7  and  8,  we  can  obtain  the  twist  under  a  given  longi- 
tudinal current  by  gradually  increasing  the  longitudin.al  field  ;  the 
result  so  obtained,  if  it  is  compared  with  Figs.  1  and  2,  shows  that 
the  twist  produced  by  the  interaction  of  the  circular  and  longitudinal 
fields  is  independent  of  the  order  of  applying  them. 

Some  observed  angles  of  twist  are  exhibited  in  the  ft:)llowing 
tables  :  — 


45%  nickel  steel. 


H= 

z4.8 

H= 

=  12.8 

H= 

=66.5 

H= 

823.0 

G 

tt 

G 

0 

G 

d 

C 

d 

0.25 

4.9" 

0.14 

8.7" 

0  27 

8.6" 

0.21 

0.5" 

0.45 

10.0 

0.40 

9.4 

0.62 

8.8 

0.59 

1.8 

0.99 

2-2.1 

0.99 

25.0 

0  82 

10.8 

1.13 

3.5 

1.159 

3:iH 

1.75 

41.(3 

1.41 

19.0 

1.55 

4.4 

H.OO 

48.0 

2.53 

55.4 

2.0C. 

26.6 

2.40 

7.5 

— 

— 

8.64 

70.2 

8.89 

41.4 

8.47 

ll.O 
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?yh%  nickel  steel. 


H= 

■2.1 

H= 

18.8 

H= 

=  3-1.1 

H= 

3  89.6 

C 

d 

G 

6 

C 

d 

C 

6 

0.29 

2.0" 

0.15 

2.4" 

0.2) 

3.4" 

0.24 

1.5' 

0.5G 

8.7 

0.5(3 

9.6 

0.56 

7.5 

0.57 

8.5 

1.05 

7.6 

1.05 

18.0 

1.05 

13.5 

1 .05 

6.2 

2.28 

13.7 

2-24 

85.0 

2.06 

24.1 

2.04 

12.2 

3.08 

15.7 

8.07 

40.8 

8.10 

31.8 

8.07 

15.7 

The  apparatus  for  studying  the  Wiedemann  effect  in  ferromagnetic 
bars  was  that  used  in  the  experiment  on  the  change  of  rigidity  by 
magnetization  ;  the  longitudinal  current  was  led  to  the  bar  by  means 
of  mercury  contact  without  causing  sensible  resistance.  The  ferro- 
magnetic bar  was  soldered  on  both  ends  to  brass  bars  of  a  thicker 
diameter,  as  in  the  former  experiment  just  referred  to.  It  was  fixed, 
by  means  of  the  screw  nut  at  one  end  of  the  bar,  in  the  axial  line  of 
the  magnetizing  coil,  which  \vas  placed  magnetic  east  and  west.  The 
pivot  at  the  other  end  of  the  bar  carrying  a  double  wheel  was  lightly 
placed  in  contact  with  the  agate  cup  fixed  to  the  wooden  frame.  The 
twist  was  measured  by  means  of  a  rotating  cylinder  with  a  reflecting 
mirror,  a  vertical  scale  !ihd  a  telescope.  Since  the  Wiedemann  effect 
is  an  odd  function  of  longitudinal  or  circular  fields,  it  is  easily  dis- 
tinguishable from  other  effects  such  as  the  change  of  elasticity  or  that 
of  rigidity,  which  is  an  even  furiction  of  the  field.  Preliminary  ex- 
periments showed  that  the  circular  field  has  no  effect  upon  the  modulus 
of  elasticity  or  of  rigidity,  perhaps  because  the  field  is  not  strong 
enousrh  to  cause  such  chano-es.  They  also  showed  that  the  friction 
at  the  pivot  is  not  sensible  ;  for  the  amount  of  twist  when  the  pivot  is 
left  free  or  when  it  is  supported,  gave  almost  coincident  values.     The 
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direction  of  ciirrcnts  wa.s  also  .so  chosen  that  the  rotation  of  tlie  mirror 
causes  contraction  of  tlie  weak  sjning  stretching  the  thin  copper  wire. 
Witli  tlie  present  apparatus,  the  twist  amounting  only  to  1.83"  x  10"' 
per  cm.  of  our  specimen  was  easily  read. 

The  measurement  was  conducted  in  the  same  order  as  in  the 
case  of  nickel  steels.  Here  we  noticed  that  a  slight  residual  magne- 
tism considerably  aflected  our  results  ;  lience  before  each  deflection 
was  taken,  demagnetization  was  carefully  effected. 

Twist  hij  vanjiH()  tlii'  loiujitiulinal  field.  Fig.  9  represents  the 
curves  of  twist  per  cm.  in  an  iron  bar  plotted  against  the  external 
longitudinal  field.  Here  C  is  the  longitudinal  current  per  square 
centimeter.  The  o^eneral  course  of  the  curves  is  similar  to  that  observed 
in  the  wire  of  the  same  metal.  Under  a  constant  circular  field,  the 
angle  of  twist  increases  at  first  sl<3wly  and  then  rapidly,  till  it  reaches  a 
maximum  in  a  held  of  about  100  C.G.S.  units  ;  it  then  diminishes  and 
ultimately  changes  its  direction.  The  field  in  wliich  the  twi.st  reaches 
a  maximum,  and  also  the  field  of  reversal  are  markedly  larger  in  the 
bar  than  in  the  wire.  Moreover,  the  diminution  of  twist  in  the  bar, 
after  reaching  a  maximum,  is  comparatively  slow. 

The  results  for  nickel  are  drawn  in  Fig.  10  ;  the  general  features 
<3f  the  curves  are  similar  to  those  in  the  wive  of  the  same  metal.  T'he 
direction  of  twist  is  opposite  to  that  in  iron  ;  but  the  course  of  the 
curves  is  similar  to  that  in  iron,  the  only  difference  being  that  even 
in  stronir  fields,  the  direction  of  twist  is  not  reversed.  The  field  in 
which  tlie  twist  reaches  a  maximum  is  also  considerably  larger  in  the 
bar  than  in  tlie  wire,  and  the  diminution  of  twist,  after  reaching 
a  maximum,  is  comparatively  slow. 

The  direction  of  twist  in  cobalt  is  the  same  as  in  nickel.  In 
cast  cobalt,  the  amount  of  twist  is  rather  large,  as  shown  in  Fig.  11. 
The  twist  increases  at  first  slowly  and  then  rapidly,   till  it  reaches  a 
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maxiDiuin  ;  it  then  gradually  decreases  and  ultimately  changes  its 
direction  as  the  field  is  increased.  Thus,  tlie  course  of  the  curves  is 
just  the  reverse  of  that  in  iron. 

The  behaviour  of  annealed  cobalt  as  regards  the  Wiedemann 
effect  is  remarkably  different  from  that  of  cast  cobalt,  as  shown  in 
Fig.  12.  In  the  first  place,  the  amount  of  twist  is  much  smaller  in 
the  annealed  than  in  the  cast  cobalt.  Secondly,  the  field  in  which  the 
twist  reaches  its  maximum  is  rather  large  in  annealed  cobalt.  Thirdly, 
the  decrease  of  the  twist  after  its  maximum  value  is  very  slow  and  its 
direction  does  not  change,  though  the  field  is  pushed  to  1200  C.G.S. 
units.  These  results  for  annealed  as  well  as  for  cast  cobalt  are  just 
what  is  to  be  expected  from  the  magnetostriction  of  these  specimens. 
It  is  als«)  to  be  observed  that  these  cobalt  bars  were  made  of  different 
samjjles. 

The  following  tables  contain  some  observed  angles  of  twist  for 
iron,   nickel,  and  cobalt  bars  : — ■ 


Iron  bar. 


C=0.64  amp. 

C=3.1 

2  amp. 

C  =  5.26  amp. 

C=HM 

amp. 

H 

6 

H 

Ö 

H 

d 

H 

ä 

12.8 

0.004" 

12.3 

0.029" 

11.5 

0.016" 

12.3 

0.069" 

25.3 

0.013 

25.0 

0.051 

22.4 

0.064 

22.9 

0.154 

36.9 

0.026 

36.5 

0.135 

36.5 

0.213 

36.5 

0.415 

54.8 

0.055 

54.6 

0.269 

54.6 

0.463 

54.6 

0.755 

83.7 

0.084 

83.9 

0.445 

83.7 

0.663 

83.6 

0.942 

127.2 

0.080 

127.2 

0.380 

127.2 

0.597 

127.2 

0.781 

188 

0.068 

188 

0.292 

188 

0  384 

188 

0.565 

277 

0.042 

275 

0.171 

276 

0.245 

275 

0.318 

416 

0.016 

416 

0.092 

416 

0.110 

416 

0.159 

513 

0.005 

513 

0.065 

512 

0.096 

512 

0.101 

734   - 

-0.005 

729 

0.016 

726 

0.053 

726 

0.040 

12 
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Nickel  bar. 


C=1.30  amp. 

C'  =  2.60  amp. 

C  =  4.> 

)7  amp. 

C=6.55  amp. 

H 

ä 

H 

tl 

H 

(i 

H 

6 

10.0 

-0.141" 

7.1 

-0.183" 

1.1 

-0.297" 

6.9 

-0.336 

U.4 

-0.201 

15.5 

-0.424 

15.7 

-0.629 

14.4 

-0.767 

26.4 

-0.294 

25.1 

-0.632 

25.0 

-0.893 

23.8 

-1.158 

40.6 

-0.327 

35.9 

-0.705 

35.9 

-1.020 

35.9 

-1.372 

53.3 

-0.2^3 

54.1 

-0.684 

53.8 

-1.005 

54.0 

-1.358 

81.1 

-0.204 

82.6 

-0.523 

81.5 

-0.810 

81.9 

-1.125 

123.8 

-0.117 

124.6 

-0.367 

124.8 

-0.585 

125.0 

-0.840 

186 

-0.058 

187 

-0.236 

187 

-0.386 

187 

-0  595 

270 

-0.029 

271 

-0.141 

272 

-0.232 

272 

-0.391 

408 

-0.025 

413 

-0.086 

408 

-0.155 

394 

-0.292 

512 

-0.020 

520 

-0  065 

512 

-0.143 

513 

-0.223 

670 

-0.011 

705 

-0.040 

708 

-0.073 

705 

-0.143 

797 

-0.004 

801 

-0.024 

802 

-0.068 

801 

-0.104 

Cast  CO 

bait  bar. 

C  =  2.34  amp. 

C  =  4. 

75  amp. 

C  =  9.19  amp. 

C=17 

.22  amp. 

H 

f) 

H 

t) 

H 

6 

H 

Ö 

12.5 

-0.113" 

11.9 

-0.192" 

12.5 

-0.309" 

11.2 

-  0.369" 

27.6 

-0.256 

25.2 

-0.406 

26.0 

-0.640 

25.8 

-0.929 

40.8 

-0.336 

40.5 

-0.574 

40.7 

-0.910 

40.4 

-1.340 

62.3 

-0.360 

62.3 

-0.638 

62.5 

-1.056 

62.3 

-1.648 

81.1 

-0.324 

81.1 

-0.594 

81.1 

-0.993 

81.1 

-1.600 

U^.S 

-0.238 

123.8 

-0  444 

123.8 

-0.761 

123.8 

-1.248 

184 

-0.170 

185 

-0.285 

185 

-0.501 

184 

-0.834 

281 

-0.101 

281 

-0.181 

279 

-0.294 

278 

-0.490 

385 

-0.058 

389 

-0.113 

386 

-0.179 

376 

-0.265 

510 

-0.016 

510 

-0.055 

510 

-0.091 

510 

-0.150 

686 

+  0.074 

679 

-0.004 

683 

-0.031 

683 

-0.049 

WIEDEMAXÎJ  EFFECT  IN  FERROMAGNETIC  SUBSTANCES. 
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Annealed  cobalt  bar. 

G  =  iS 

17  amp. 

C=V6. 

78  amp. 

(7=25 

70  amp. 

H 

6 

H 

d 

H 

d 

35.9 

-0.011 

35.8 

-0.013 

36.3 

-0.022 

81.1 

-0.022 

81.1 

-0.031 

81.1 

-0.040 

18(5 

-0.040 

180 

-0.055 

179 

-0.073 

269 

-0.036 

269 

-0.053 

269 

-0.078 

400 

-0.033 

397 

-0.054 

398 

-0.073 

492 

-0.028 

482 

-0.045 

493 

-0.069 

691 

-0.023 

675 

-0.038 

691 

-0.067 

Twist  hij  Tavijing  the  circular  ßeld.  Fig.  13  represents  the  result 
for  soft  iron  ;  as  thé  circular  field  is  increased,  the  twist  is  increased 
first  slowly  and  then  rapidly.  As  the  longitudinal  field  is  increased, 
the  amount  of  twist  reaches  a  maximum  and  then  gradually  dimini- 
shes ;  and  if  the  field  is  strong  enough,  the  twist  occurs  at  first  in 
the  opposite  direction  and  then  in  the  ordinary.  Comparing  the 
above  results  with  those  obtained  by  varying  the  longitudinal  field, 
we  notice  one  marked  difterence  that  for  the  same  circular  and 
longitudinal  fields,  the  torsion  is  laig'ely  dependent  on  the  order  in 
which  they  are  applied.  The  twist  obtained  by  first  applying  the 
circular  field  and  then  the  lono-jtudinal  is  several  times  o^reater  than 
the  twist  obtained,  when  the  order  of  npplying  them  is  reversed. 

In  nickel,  the  twist  is  opposite  to  that  of  iron  ;  under  a  given 
longitudinal  field,  it  increases  nearly  in  a  constant  rate  as  the 
longitudinal  current  is  increased,  as  seen  from  Fig.  14.  For  a  given 
longitudinal  current,  the  twist  reaches  a  maximum  and  then  gradually 
diminishes  as  the  longitudinal  field  is  increased.  Here  again,  we 
also  observe  a  dependence  of  the  twist  on  the  order  of  applying 
longitudinal  and  circular   fields.     The   twist   obtained   by   the  appli- 
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cation  of  the  circular  field  followed  by  tliat  of  tlie  longitudinal  one 
is  far  greater  than  tlie  twist  obtained  when  the  order  of  application 
is  reversed. 

The    oreneral   feature   of  the   twist  for  cobalt  is  similar  to  that 

o 

in  nickcL  In  cast  cobalt  (Fig.  15),  the  twist  is  increased  first  slowly 
and  then  rai)idly,  as  the  circular  field  is  increased.  AVith  the  increase 
of  the  longitudinal  field,  the  twist  reaches  a  maximum  and  then 
gradually  diminishes.  If  the  longitudinal  field  be  strong  enough, 
the  twist  occurs  at  first  in  the  opposite  direction  and  then  in  the 
ordinary.  In  annealed  cobalt  (Fig.  16),  the  twist  is  very  small  and 
the  rate  of  increase  is  nearly  constant.  Here  also  the  twist  obtained 
by  first  applying  the  circular  field  and  then  the  longitudinal  is  several 
times  greater  than  the  twist  when  the  carder  of  application  is  reversed. 
Some  observed  angles  of  twist  in  iron,  nickel,  and  cobalt  bars 
are  «Jfiven  in  the  fdlowincr  tables.  Here  the  current  (J  is  o^iven  in 
amperes  per  square  centimeter. 


Iron  bar. 


H= 

=  8.2 

H^ 

=  31.7 

H= 

=  64.1 

H= 

=  163.4 

G 

â 

C 

0 

G 

Ö 

G 

â 

ßA 

0.000" 

6.4 

0.005" 

6.4 

0.003" 

4.1 

-0.002" 

9.2 

0.005 

9  1 

0.018 

9.2 

0.035 

6.4 

-0.003 

13.3 

0.015 

13.3 

0.051 

13.4 

0.093 

9.2 

-0.000 

17.9 

0.038 

17.6 

0.124 

17.9 

0.164 

13.4 

+  0.037 

'24.8 

0.109 

24.8 

0.360 

24.7 

0.472 

17.7 

+  0.082 

28.2 

0.145 

28.2 

0.490 

28.3 

0.640 

28.2 

+  0.290 

37.6 

0.203 

33.3 

0.643 

33.3 

0.935 

33.1 

+  0.422 

WIEDEMANN  EFFECT  IN  FEHEOMAGNETIC  SUBSTANCES. 

Nickel  bar. 


H-. 

=  9.9 

H= 

=  31.7 

H= 

=  72.6 

H= 

=  239.8 

C 

d 

C 

d 

C 

d 

C 

d 

1.0 

-0.018" 

1.1 

-0.042'' 

1.1 

-0.069" 

1.1 

-0.046" 

2.3 

-0.040 

2,3 

-0.109 

2.3 

-0155 

2.3 

-0.112 

5.1 

-0.106 

5.2 

-0.285 

5.2 

-0.371 

5.2 

-0.256 

7.5 

-0.163 

7.4 

-0.395 

7.5 

-0.552 

7.4 

-0.373 

10.9 

-0.259 

10.8 

-0.621 

10.9 

-0.837 

10.8 

-0.555 

14.4 

-0.413 

14.4 

-0.891 

14.5 

-1.157 

14.4 

-0.749 

20.1 

-0.652 

20.0 

-1.372 

20.2 

-1.782 

20.0 

-1.078 

Cast  cobalt  bar. 


H 

=  7.4 

ifr 

=  65.7 

H= 

=  220.6 

H= 

=  603.0 

C 

d 

C 

â 

C 

6 

C 

0 

1.8 

-0.003" 

1.9 

-0.015" 

1.9 

-0.002" 

0.7 

+  0.004" 

3.7 

-0.005 

3.7 

-0.073 

3.7 

-0.018 

2.5 

+  0.018 

5.9 

-0.018 

5.9 

-0.137 

5.9 

-0  042 

6.4 

+  0.024 

8.5 

-0.040 

8.5 

-0.305 

8.5 

-0.104 

9.3 

+  0.025 

12.4 

-0.123 

12.4 

-0.567 

12.5 

-0  190 

12.5 

+  0.027 

16.5 

-0.203 

16.5 

-0.906 

16.6 

-0.2t'4 

17.6 

+  0.037 

23.0 

-0.362 

23.1 

-1.433 

23.0 

-0.484 

29.8 

+  0.000 

31.8 

-0.527 

31.6 

-2.078 

31.5 

-0.709 

33.3 

-0.027 
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Annealed  cobalt  bar. 


H= 

53.8 

H= 

:  157.9 

H= 

=  403-7 

C 

ä 

C 

d 

G 

d 

5.5 

-0.001 

5.6 

-0.002 

0.0 

-0.004 

7.8 

-0.002 

8.2 

-0.005 

8.5 

-0.009 

11.8 

-0.001 

11.3 

-0.009 

18.5 

-0.015 

•20.8 

-0  009 

17.6 

-0.015 

20.8 

-0.026 

28.1 

-0.014 

28.2 

-0.027 

28.2 

-0.084 

80.0 

-0.019 

•15.8 

-0.053 

•J5.8 

-0.061 

The  effect  of  torque.  To  study  the  effect  of  torque,  it  is  convenient 
to  keep  the  longitudinal  field  constant  and  to  vary  tlie  circular  field; 
for  thougli  the  application  of  the  longitudinal  field  is  always  accom- 
panied by  the  twist  due  to  the  change  of  rigidity,  the  passage  of  a 
longitudinal  current  does  not  cause  any  appreciable  twist;  lience  by 
varying  the  circular  field,  it  is  not  necessary  to  apply  the  correction 
due  to  the  change  of  rigidity.  The  torcpie  was  given  by  means  of  the 
suspended  weights  as  in  the  experiment  on  the  change  of  rigidity  by 
magnetization.  Keeping  the  longitudinal  field  constant,  we  found 
that  in  all  cases  the  effect  of  torque  diminishes  the  twist  by  an  amount 
wiiich  is  nearly  ])roportional  to  the  torque.  Figs.  17,  18,  19,  20 
show  the  f'-eneral  feature  of  the  decrease  of  twist  due  to  torque.  In 
soft  iron  and  annealed  cobalt,  the  effect  is  very  small,  but  in  nickel 
and  cast  cobalt,  it  is  considerable. 

In  a  paper  on  mutual  relations  between  torsion  and  magnetism, 
Professor  Najraoka  and  one  of  our  members  liave  obtained  from 
Kirchhoff's  theory  the  result  that  for  given  longitudinal  current  and 
field,  the  amouiit  of  (wist  is  inversely  proportional  to  the  scjuare  of 
the  radius  of  the  ferromagnetic  win;.      It  is  interesting   to   notice  that 
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the  comparison  of  the  above  results  in  iron  and  nickel  bars  1cm  thick, 
obtained  by  varying-  the  longitudinal  field,  with  the  corresponding 
results  in  wires  of  these  metals  about  Iiidii  thick,  shows  the  correctness 
of  the  law  of  the  inverse  square  of  the  radius. 

In  conclusion,  we  wish  to  express  our  best  thanks  to  Professor 
H.  Xagaoka  for  useful  suggestions  in  the  course  of  the  present 
experiment. 
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Note  on  the  Potential  and  the  Lines  of  Force  of 
a  Circular  Current. 

By 
H.  NAGAOKA,  Professor  of  Physics. 

§  1.  The  potential  of  a  circular  electric  current  or  of  a  vortex 
ring  of  small  section,  has  been  investigated  by  Lord  Kelvin,'^  MaxwelP^ 
Hicks,^^  and  Minchin."*^  They  all  express  the  solid  angle  subtended 
by  the  circle  by  means  of  elliptic  integrals  or  in  terms  of  zonal 
spherical  harmonics.  The  lines  of  force  of  a  circular  current  are 
usually  obtained  from  the  expression  for  the  mutual  potential  energy 
(denoted  by  M)  of  two  coaxial  circular  coils.  By  using  F. 
Neumann's  formula,  M  may  be  expressed  by  means  of  elliptic 
integrals,  or  developed  in  terms  of  zonal  harmonics,  which  is  some- 
times advantageous  for  calculating  the  action  between  thick  coils. 
Maxwell  has  also  given  a  table  of  the  coefHcients  of  mutual  induction, 
when  the  coils  are  near  each  other.  In  these  calculations  we  are 
always   in   need   of  Legendre's    tables.     It  is  very  curious  that  so 

1)  Lord  Kelvin,  Trans.  R.  S.  E.,  1869. 

2)  Maxwell,  Treatise  on  Electricity  and  Magnetism  II.  Chap.  14. 

3)  Hicks,  Phil.  Trans,  for  1881,  p.  628. 

4)  Minchin,  Phil.  Mag.  vol.  35,  1893. 
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little  lise  has  been  made  of  Jacobi's  ^/-series.  Mathy^^  uses 
Weierstrass's  If? -function  in  evaluating  M,  but  he  seems  to  be  in- 
clined to  the  use  of  a  hypergeometric  series,  rather  than  to  the 
reduction  of  these  integrals  to  a  rapidly  converging  q-series,  to  which 
the  expression  can  be  easily  transformed. 

The  ])roblem  can,  however,  be  attacked  from  another  point  of 
view.  In  the  following,  I  proceed  by  finding  the  Newtonian  poten- 
tial of  an  uniform  circular  disc,  and  derive  the  expression  for 
the  potential  and  the  lines  of  force  for  a  circular  current  by  simple 
differentiation.  Finally  il/  is  expressed  by  means  of  a  simple  (/-series, 
of  which  a  single  term  will  generally  suffice  to  secure  a  practically 
accurate  value  ;  the  force  between  two  coaxial  coils  can  also  be 
expressed  in  a  similar  manner. 

§   2.     The  whole  investigation  rests  on  the  following  lemma. 

The  potential  U  of  an  homogeneous  body  of  rotation  (about 
2-axis)  satisfies  Laplace's  equation  outside  the  body,  which  in  this  case 
is  given  by 

s  z'^  3  x'-        X       S  X 

X   being  the  radial  coordinate.     Thus 


I'-V 

1 

'    Ix     '^ 
S,r  V        "h  X 

Iz- 

X 

l-'U 

1 

U.'"^\ 

öiC  "hz  X        "hz  ^         "bx  f 

If  the  potential  ip  of  a  certain  distribution  symmetrical    about   2;-axis 
be  derivable  from  U  by  differentiation  with  respect  to  z,  so  that 

lU  ,-r\ 

^=^r—  (I.) 

o  z 
1)  Mathy,  Journal  de  Physique,  torn.  10,  p.  33.  1901. 
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and  if  <r''=^^    .  CIL) 


then  since 


"b  X       "à  X  <:>  Z         "b  Z 


çA= const. 
must  represent  lines  of  force. 

The  potential  of  a  circular  current  is  equivalent  to  that  of  a 
magnetic  shell,  which  is  derivable  from  the  Newtonian  potential  of  a 
uniform  disc,  by  differentiation  with  respect  to  the  normal. 

§  3.  Potential  of  a  uniform  circular  disc. — Let  the  surface 
density  =  1  ;  then  taking  x,  y  axes  in  the  plane  of  the  disc,  and  z  axis 
perpendicular  to  it  through  the  centre,  the  potential  at  point  x,  o,  z 
is  evidently  given  by 

u=f  I  ^'  ^'"^  ^  (1) 

./  ./  aV  X'^  —  'IX  p  cos  d  +  (J^  +  z- 

[>  and  d  being  polar  coordinates,  and  a  the  radius  of  the  disc. 

Writing  •B^=  x'—^xpcosd  +  fr,  and  making  use  of  Lipschitz's 
integral  concerning  the  J  vessel's  function,  we  obtain 

1 


^  =fe-'-'J,  {B  X)  d  À.  (2) 


y/ x'—2xpcosd  +  p'  +  z'       ^B'  +  z- 

u 

The  addition  theorem  of  I^essel's  functions  gives 

JIX  B)=JJik  x)  JoW  +  'i  2  Jn(^-  x)  JJ,kp)  cos  n  d.  (3) 

Substituting  in  (2),  we  get 

V  =1'  ^  f'  fp'e-''  [Jllx)  JlA  p)  +  22  Jri^  X)  J„(Àp)  cos  nd]dÀ  dp  dd. 


=27üf    fe- '■'  p  Jo  (Xx)  JlXp)  dl  dp. 
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But  i>  Jl?.o)=  àjpUXp)) 

À  dp 

Thus  the  potential  of  a  circular  disc  is  given  by 

IJ=2'  a/'Ä^  Joi^^x)  JiXa)  dX.  (4) 

0 

This   expression   was  first  obtained   by   H.    Weber'^   in   a  somewhat 
different  manner. 

§  4.  Potential  and  lines  of  force  of  a  nniform  circular  magnetic 
shell. — The  potential  of  a  circular  magnetic  shell  of  unit  strength  is 
evidently  given  by 

CO 

^=  -^  =  2  -  J  e-''  Jlk  x)  J,{?.  a)  d  k,  (A) 

0 

and  for  the  function  giving  lines  of  force 

CD 

é=  -x^^=27Taxfe-^-'  J  Ik  x)  JiX  a)  d  X.  (B) 

^x  J 

0 

The  two  expressions  (A)  and  {B)  can  be  greatly  simplified  by 
using  the  addition  theorem  for  JJß  X)  and  Ji{R  X). 

Differentiating  (3)  with  respect  to  p   and  integrating   between 
the  limits  0  and  t:  of  ^, 
we  obtain 

JlXx)  J,  {Xa)=^f-^^  (a-x  cos  6)  d  6. 

0 

Similarly 

J,{Xx)  J,  {Xa)=^fjlXB)  cos  d  dd. 

0 

1)  H.  Weber,  Crelle'e  Journal,  B(î.  75,  p.  88. 
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Remembering  that 

0 
0 

we  lind  by  simple  substitution 

^^J±Z^^^A  d-^a  ,h-^^o'%  e  (5) 

0  0 

and 

TT 

/     A      r  COS  6  dd  ,c. 

é^iaxl ^==  (6) 

0 

But  we  easily  find  that 

IT 

f(a—x  cos  d)dd   __  TV 

0 

whence  by  (5) 

<p  =  ^r.-2azf- {a-xcosd)dd  ^^,^ 

J   (a-  +  x' — 2ax  cos  d)  AJd? + x^ + z^ —'2ax  cos  6 

0 

The  above  expression  gives  the  solid  angle  subtended   by   the    disc 
at  point  (x,  o,  z). 

Evidently  the  coefficient  of  mutual  induction  M  of  two  parallel 
coaxial  coils  is  connected  with  ^  by  the  relation 

7r</>  =  M.  (7) 

Consequently,  (6)  gives 

TT 

,,   4       r  cos  d  dd  ,T,/\ 

./    v^a'^  +  X'  +  z'—2  ax  cos  6 
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This  expression  coincides  witli  that  obtained  in  the  usual 
manner  from  F.  Neumann's  formula. 

§  5.  Evaluation  of  f  or  solid  amjlc  subtended  by  a  circle. — Denot- 
ing the  integral  entering-  in  (/!')  by  ii,  we  have 


(a  —  X  cos  6)  dd 


B: 


ax 

or  +  x'  +  z- 
ax 


we  easily  find 


sin  d^d^  +  x^  +  -2"' — 2  ax  cos  d=^4:{s  —  e^)  (s — e.J  (s  —  e^) 


where 


whence 


=  V4  s^—g-iS-g^^^/  S 


2B  V-B  a  +  B) 


1  3F-^-l  1    ,  _2J3(F^-{) 

^=1 T^r r 


Ä'=-     '^  ^""^ 


l-l-8i3      (a  +  a;)-  +  .r 
3J3  +  1      {a-^xj^f 


(8) 


r,     r,       r  (a  —  x  COS  u)  ao 

2J=:2  azl .,         .>      r.  a 

J    (d--\-x^—2ax  COS  0)  ^d-  +  x'+z^— 2aa;  cos  a 
0 

Puttinsf  cosd=As  +  B,   where 

A  =  l^)K  (9) 

\   ax   / 


(10) 


(11) 
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Thus,  putting 


11=1 -. —  or  }iz=^lu) 


^  S 


Ü^A  zfdu  +  z (a^-^)f         ,,         ^''  (12) 


Let 


then 


and 


^  (a)=   2(^''+a;-)-^^ 
'6  ax  A 


Ar  '/  acr. 


Evaluating  the  last  integral,  we  arrive  at  the  result 

i2=-^^h^  z^%  i  L,a-w,~^  (a)  \.  (14) 

«2  —  ^3  ^  ^  ' 

Thus  the  potential  of  a  circulai-  carrent  or  of  a  vortex  ring  is 
given  by 

yp=2;7-2  f      '"'^        +  iU  a-to,~^ia)Y\  (A") 

L    e^ — fig  I  (T         fJi 

=:2;r -^       z  —  t — ^    ^  ^  ^       where     v^=: 1 

The  form  of  integral  (A')  is  somewhat  different  from  that  given 
by  Hicks  and  Minchin,  but  it  leads  to  the  same  result.  The  process 
of  reduction  from  the  expressions  given  by  the  above  mentioned 
authors  is  more  laborious. 
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In  practical  calculation,  the  part  requiring  the  most  painstaking 
is  the  evaluation  of  «,  for  which  the  expressions  given  in  Prof. 
Schwarz's  "Formeln  und  Lehrsätze  zum  Gebrauche  der  elliptischen 
Functionen"  p.  71.  will  be  found  very  useful.  For  convenience 
in  calculation,  the  following  values  of  f  («)— ^^^  have  been  tabulated 

A        'lax  4  ax  .  | 

«.(«)-.,=     ±-    (^=(i=É:(e,-e,)  (15) 

A        '2  ax         4  ax 

A        2  ax         4  ax 
Thus   e2<:^(a)<e, 

A  \   2   / 

1       (g  +  xf  +  ^-  _  (g  +  xf  +  Z'  ,^         . 
A  %ax  4:  ax 

e,-e,=  A_     (a-xf  +  z^^(a  +  xf  +  z\^^^_^^^ 
A  'lax  4  ax 

Putting 

— .  .         — 77^,  ,     ~- 77= — r,r7         —=lt     where     l=— j== 

and  So=l  +  ('— )'V+(-!A,)V+f-lM_yV-4-    ••  •■ 

\  2  /         \  2.4  /        \   2.4.6  / 

«•■■=  {\M^MW^'"- 

^-        (iry"-(ilrr^''^- 
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/ 

we  find  after  a^i^P^e  calculation,  that 


a 

-71  I  r^f  (I 


2a)i 


~V„K 


~   ,2      '^^       ^  '2^  \    So  3       So  ' 

Since  So  '  *^»'2' ^^'®  generally   small  quantities,  the  second   term 

will  be^Gî'y  small  as  compared  with  the  first.     Further  we  notice  that 

V a.'^    \    „  —  Van 


i\rj  a—  «1 (a) 

■ 


TV  \e  '^     +  e 


2  [p:^''^^  -.f.—'^i^ 


■q     e 

Thus  the  calculation  of  the  solid  angle  subtended  by  a  circle  can  be 

sasily  undertaken  without  the  use  of  special  tables. 

§  6.  Evaluation  of  M  or  the  coefficient  of  mutual  induction  of  two 
poaxial  coils.  —  As  has  already  been  noticed,  J/=  const,  gives  magnetic 
lines  of  force  about  a  circular  current,  or  stream  lines  about  a  circular 
vortex  ring  of  infinitely  small  section.  Reverting  to  (B'),  (9),  (10), 
and  (11),  we  find  that 


M  =4:  TT  ax 


■{- 


cos  d  dd 
^dr'  +  x^  +  z-  —  2  ax  cos  6 


=47:  ax  AJ\a  ^  {ii)+B)  du  (16) 

"s 

Thus    the    expression   for   M  can   be    written  in    either  of  the 
following^  forms  :  — 


or 


M=47r  ax-^l'-^-rj,  co,  )  {B^ 

Wj  \    2  ' 
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§   7.      M  expressed  in.  tenus  of  ä-lundioiis. —  Sinct. 

1     ä,;xo) 


«i"^r=  — '/I  '«1  — 


und 


'/I  "'I 


A- 


4     <y,(o) 

1    ârio) 


12    ä,\o) 
4 


(Oj      71  A^ax  ä.f{o) 


we  find  from  (B/') 


^_   2^ax     fjV>)^_jV>)^] 


Using:  the  relations 


we  can  write 


^'f  (0)        1    '>i'(o)  ä,{0)    \ 


<>i'(o)  I  log  q 

(?■  (o)  Ö  ^0^  g 


Utilizing  the  relation 


we  may  put  (^2  ')  in  the  form 

Jlf  =  4:r  ax \  — -  («Si  io^-  —  jy»  ö>s)  +  —  tt  ^  | 

Writing      ri= î-     ,     we   easily    find   that 


(17) 


(18) 
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oj^    l8r\    >Uo)  fUo)  I      2         I 

7r.V(o|r,)\  4        \     'y,(o|rO  'XjolrJ    // 

The  expressions  (17),  (18),  ;iiid  (19)  are  of  great  practical  importance, 
as  will  be  shown  in  another  section. 

§  8.  Expression  for  -^ — .  In  addition  to  M,  we  shall  have  to 
find  -^r — ,  whicli  represents  the  force  acting  between  two  coaxial  coils 
Since 

IM       ,  r  cos  Odd 


/cos  if  do  /.,^x 
,  (-20) 


we  easily  find  that 


1         IM  _      A'z  /''A^(u)  +  B 


4  ./  ^V(w.)-'2j 


du 


(21) 


47Tax     Is  4  J  Af{u)—'IB 

A'z  i  361  ,     ,  ,\ 

4      I  2(.9i  — eaX«?!  — e^)  f 

Expressing  e^,  e^—e.,,  e^—e^,  by  means  of  '^-functions, 

^z  ^  ax    \  2  7Z-   v;?o(o)     fhioy  } 

§  9.  3/  expressed  in  q-series. — For  reducing  the  '^-functions 
in  (17)  and  (18),  we  can  conveniently  make  use  of  the  expansions 
given  by  Jacobi  (Fundamenta  Nova  p.  104-105,  Gesammelte  Werke 
Bd.  1.  p.  161).     As  the  result  of  expansion,  we  easily  find  that 

^  —  =  4-7^(l+*  +  3(/-4(7«  +  y(/'-12(/i° )  (23) 

47t^ax 

Putting 

8  (f*-4  f/  +  9  <?«- 12  (/°+ =£, 
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we  can  conveniently  write 

^      =4;r^^(l  +  £)  (24) 


4:7r^ax 

Since  e  is  a   very  small   quantity,  we   can,    with  tolerable  accuracy, 
put 

Expressing  (19)  by  means  of  ^,, 

ATz^Jax      2(1-2  (7i  +  2  gi*-2  <7i7    L    -^^gi/l  ^^       ^'        ^'         ^' 

+  6^i^-4g/  +  8^i«-l3  5;+ )}-4]        (26) 

The  above   expression   is   useful   when  the  coils  are  very  near  each 
other.     In  such  cases,  q.^  is  a  very  small  quantity,  so  that  by  putting 

32  (7i'^-40  gi*  +  48  gi^-32  5i«=£i 

T^=on     /-U9   ,,.,r%(-){^  +  8gi(l-gi)  +  s.}-4l  (27) 

For  r>70°,   where  -s/n  r=^^"'  ^i"*  is  negligibly  small,  and 
M 


-2(ïiè^[%(|;){i+«''.+n}-*] 


(28) 


4;r-y/aic 

where  ^(—-   ^q\-\-H 
Finally  (22)  gives 
-j^=   192  ;r^^    ^  ^  (1  +  20  g'^ +  225(7* +1840  7*^+ 12120  g«+ )       (29) 

It   will   not  be  altogether  out  of  place  to  digress  on  the  practical 
utility  of  the  several  formulae  above  obtained. 

In  the  iirst  place,  there  is  no   need  of  finding  r  from    A;  or    A;', 
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which  is  given  at  once  from  the  dimensions  and  configuration  of  the 
coils.     Instead  of  finding   r,  we  shall  have  to  calculate 


where 


_  1-V^' 


of  which  the  first  term  is  generally  sufficient,'^  as  the  following  short 
table  for  q—~Tr  "^'i^l  show.  For  practical  purposes,  a  single  calculation 
according  to  formula  (25)  or  (27)  gives  at  once  the  value  of  M.  In  or- 
der to  shew  the  rapid  convergence  of  the  ^-series,  it  will  be  sufficient 
to  indicate  the  smallness  of  the  corrections  £  and  £i,  £/  entering  in 
the  above  tM'o  formulae.  For  this  purpose,  the  following  short 
tables  of  corrections  have  been  calculated. 

I 


Table  of  c  =  3g*-4g«  +  9g«-12(7i°  and   q- 


2 


9- 

Approximate  value 
of  ;K  =  itrc  sin  k. 

£ 

I 

^-  2 

0.01 

22°.6 

0.000  0000 

0.000  00000 

0.02, 

31°,6 

0.000  0005 

0.000  00001 

0.03 

38M 

0.000  0024 

0.000  00005 

0.04 

43».5 

0.000  0077 

0.000  00020 

0.05 

48°.0 

0.000  0187 

0.000  00063 

0.06 

5r.9 

0.000  0387 

0.000  00156 

0.07 

55°.3 

0.000  0726 

0.000  00336 

0.08 

58°.4 

0.000  1218 

0.000  00655 

0.09 

61M 

0.000  1947 

0.000  01181 

0.10 

63°.(j 

0.000  2961 

0.000  02000 

0.11 

65°.9 

0.000  4323 

0.000  03220 

0.12 

67°.9 

0.000  6105 

0.000  04974 

0.13 

69^8 

0.000  8382 

0.000  07421 

0.14 

7r.5 

0.001  1234 

0.000  10746 

1)  For  the   table   of  7,   see   Jacobi,  Crolle's  Journal  Bd.  26,  p.  93:    Gesammelte   Werke, 
Bd.  1,  p.  :^63. 
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y  —  iiTC  sin  /.. 

e 

10'' 

0.000  00000 

20° 

0.000  00000 

30° 

0.000  00031 

40° 

0.000  00367 

45° 

0.000  010-14 

50° 

0.000  02738 

55° 

O.OOO  05773 

60' 

0.000  16098 

65° 

0.000  37397 

70° 

0.000  86566 

Table  of-  £i  =  32  ^i^-40  ^7i*  +  48  ^i-^-32  gi« 


(fl 

Approximate  value 
of  y'=arc  sin  k. 

£i 

£/ 

0.010 

67^4 

0.000  0316 

-0.000  7684 

0.009 

68°.  5 

0.000  0231 

-0.000  6249 

0.008 

69°.  7 

0.000  0162 

-0.000  4958 

0.007 

7r.o 

0.000  0109 

-0.000  3811 

0.006 

72°.4 

0.000  0069 

-0.000  2811 

0.005 

73°9 

O.OOO  0040 

-0.000  1960 

0.004 

75°.6 

0.000  0020 

-0.000  1260 

0.003 

7  7°.  5 

0.000  0010 

-0.000  0710 

0.002 

79°.8 

0.000  0003 

-0.000  0317 

0.001 

82°.8 

0.000  0000 

-0.000  0080 

The  table  shows  that  the  error  in  M  calculated  by  the  formula 

M 


^~y/ax 


^^rrq^ 
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is  only  0.001  per  cent  for  r=45'',  und  0.09  per  cent  for  r=70".  When 
the  coils  are  near  each  other,  the  approximation  can  be  carried  still 
further  by  using  (27).  In  all  these  calculations,  Legendre's  table  of 
elliptic  integrals  may  be  dispensed  with  ;  n  somewhat  tedious  opera- 
tion lies  in  finding  log  nati — ). 

It  will  not  be  out  of  place  to  give  a  numerical  value  for  a  single 
instance,  in  order  to  shew  the  rapid  convergence  of  (23).  For 
fc=sin  70°, 

g' =0.1309845  (=—Z)  +0,0000771  (=2^— /VW 0.0000002/ =  l5(i^n 
=0.1310618 

log      ^  =1.77.54242  l  =  Jog  4;ra^\  + 0.0003758  (=  logil  +  e)] 
ATT^ax  \  /  \         ■  / 

=  1.7758000. 


which  coincides  with  the  value  given  by  Maxwell.  It  is  to  be 
noticed,  that  the  above  is  the  most  unfavorable  case  in  which  (24) 
may  be  applied. 

§  10.  It  will  be  worth  while  to  mention  that  the  expression 
for  the  solid  angle  subtended  by  a  circle,  in  terms  of  zonal  harmonics, 
can  be  deduced  from  the  formulae  already  obtained. 

The  potential  of  a  magnetic  shell  (p  is  given  by  (A). 


00 


By    expanding    Ji{ka)     according    to     ascending    powers   of   A  a, 
and  rememberina"  that 
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/V^-  JlXz)  r-^'^^H  ;  =  1.2.3 (2  m  +  lXa;^  +  ^')-'"-^^P2.+i  (    ,  f.    ,  ), 

0 

where  Pam+i  denotes  zonal  harmonies  of  2m  +  lth  order,  we  arrive 
at  the  ordinary  expression  for  the  solid  angle  in  terms  of  spherical 
harmonics.    M  can  be  similarly  expressed  by  using  (B'). 

It  is  needless  to  remark  that  such  expansions  converge  very 
slowly.  What  I  wish  to  show  in  the  present  paper  is  that  we  may 
sometimes  arrive  at  a  convenient  and  practical  result  by  using  a 
^-series,  instead  of  falling  into  the  grooves  of  spherical  harmonics. 
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